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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 



ADVANCEMENT 



This training manual is designed to help you 
meet the occupational qualifications for advance- 
ment to Boilermaker First Class and Chief 
Boilermaker. Chapters 2 through 20 of this 
training manual deal with the technical subject 
matter of the Boilermaker rating. The present 
chapter provides introductory information that 
Will help you in working for advancement. It is 
strongly recommended that you study this chap- 
ter carefully before beginning intensive study of 
the chapters that follow. 

REWARDS AND RESPONSIBILITIES 

Advancement brings both increased rewards 
and increased responsibilities. The time to start 
looking ahead and considering the rewards and 
the responsibilities of advancement is right now, 
while you are preparing for advancement to 
BR1 or BRC. 

By this time, you are probably well aware 
of many of the advantages of advancement, higher 
pay, greater prestige, more interesting and 
challenging work, and the satisfaction of getting 
ahead in your chosen career. By this time, also, 
you have probably discovered that one of the 
most enduring rewards of advancement is the 
personal satisfaction you find in developing your 
skills and increasing your knowledge. 

The Navy also benefits by your advance- 
ment. Highly trained personnel are essential to 
the functioning of the Navy. By each advance- 
ment, you increase your value to the Navy in two 
ways. First, you become more valuable as a 
technical specialist in your own rating. And, 
second, you become more valuable as a person 
who can supervise, lead, and train others and 
thus make far reaching and long lasting contribu- 
tions to the Navy. 



In large measure, the extent of your contri- 
bution to the Navy depends upon your willingness 
and ability to accept increasing responsibilities 
as you advance. With each advancement, you ac- 
cept an increasing responsibility for the work 
of others, for military matters, and in matters 
relating to the occupational requirements of the 
Boilermaker rating. 

You will find that your responsibilities for 
military leadership are about the same as those 
of petty officers in other ratings, since every 
petty officer is a military person as well as a 
technical specialist. Your responsibilities for 
technical leadership are special to your rating 
and are directly related to the nature of your 
work. Repairing and maintaining the ship's boil- 
ers is a job of vital importance, and it's a team- 
work job; it requires a special kind of leader- 
ship ability that can only be developed by 
personnel who have a high degree of technical 
competence and a deep sense of personal re- 
sponsibility. 

Certain practical details that relate to your 
responsibilities for boiler shop administration, 
supervision, and training are discussed in 
chapter 2 of this training manual. At this point, 
let's consider some of the broader aspects of 
your increasing responsibilities for military and 
technical leadership. 

YOUR RESPONSIBILITIES WILL EXTEND 
BOTH UPWARD AND DOWNWARD. Both of- 
ficers and enlisted personnel will expect you to 
translate the general orders given by officers 
into detailed, practical on-the-job language that 
can be understood and followed even by rela- 
tively inexperienced personnel. In dealing with 
your juniors, it is up to you to see that they per- 
form their work properly. At the same time, you 
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must be able to explain to officers any important 
needs or problems of the enlisted men. 

YOU WILL HAVE REGULAR AND CON- 
TINUING RESPONSIBILITIES FOR TRAINING. 
Even if you are lucky enough to have a highly 
skilled and well trained repair force, you will 
still find that training is necessary. For ex- 
ample, you will always be responsible for train- 
ing lower rated men for advancement. Also, 
some of your best workers may be transferred 
and inexperienced or poorly trained personnel 
may be assigned to you. Or a particular job 
may call for skills that none of your personnel 
have. These and similar problems require you 
to be a training specialist who can conduct formal 
and informal training problems to qualify per- 
sonnel for advancement and who can train indi- 
viduals and groups in the effective execution of 
assigned tasks. 

YOU WILL HAVE INCREASING RESPON- 
SIBILITIES FOR WORKING WITH OTHERS. 
As you advance to BR1 and then to BRC, you 
will find that many of your plans and decisions 
affect a large number of people, some of whom 
are not in the boiler shop and some of whom are 
not even in the repair department. It becomes 
increasingly important, therefore, to understand 
the duties and responsibilities of personnel in 
other ratings. Every petty officer in the Navy 
is a technical specialist in his own field. Learn 
as much as you can about the work of other rat- 
ings, and plan your own work so that it will fit 
in with the overall mission of the organization. 

AS YOUR RESPONSIBILITIES INCREASE, 
YOUR ABILITY TO COMMUNICATE CLEARLY 
AND EFFECTIVELY MUST ALSO INCREASE. 
The basic requirement for effective communica- 
tion is a knowledge of your own language. Use 
correct language in speaking and in writing. 
Remember that the basic purpose of all com- 
munication is understanding. To lead, supervise, 
and train others, you must be able to speak and 
write in such a way that others can understand 
exactly what you mean. 

A second requirement for effective commu- 
nication in the Navy is a sound knowledge of the 
Navy way of saying things. Some Navy terms 
have been standardized for the purpose of en- 
suring efficient communication. When a situation 
calls for the use of standard Navy terminology, 
use it. 



Still another requirement of effective com- 
munication is precision in the use of technical 
terms. A command of the technical language of 
the Boilermaker rating will enable you to re- 
ceive and convey information accurately and 
to exchange ideas with others. A person who does 
not understand the precise meaning of terms 
used in connection with the work of his own rat- 
ing is at a disadvantage when he tries to read 
official publications relating to his work. He is 
also at a great disadvantage when he takes the 
written examinations for advancement. Although 
it is always important for you to use technical 
terms correctly, it is particularly important 
when you are dealing with lower rated men; 
sloppiness in the use of technical terms is 
likely to be very confusing to an inexperienced 
man. 

YOU WILL HAVE INCREASED RESPON- 
SIBILITIES FOR KEEPING UP WITH NEW 
DEVELOPMENTS. Practically everything in the 
Navy -policies, procedures, equipment, publi- 
cations, systems-is subject to change and de- 
velopment. As a BR1, and even more as a BRC, 
you must keep yourself informed about all 
changes and new developments that might affect 
your rating or your work. 

Some changes will be called directly to your 
attention, but others you will have to look for. 
Try to develop a special kind of alertness for 
new information. Keep up to date on all available 
sources of technical information. And, above all, 
keep an open mind on the subject of boilers and 
associated equipment. New types of boilers are 
constantly being designed and tested, and exist- 
ing types of boilers are subject to modification. 
If you look back over the history of naval boilers 
since the end of World War II, you will find that 
a number of important changes have occurred 
during this time. New boilers have been in- 
troduced- the 1200-psi boiler, the controlled 
circulation boiler, and most recently the pres- 
sure fired boiler. Operating pressures and tem- 
peratures have increased. Furnaces have been 
designed for higher heat release rates. There 
have been changes in the design of superheaters, 
boiler fittings, fuel oil burners, and other boiler 
parts. Feed water and boiler water requirements 
have changed. Automatic boiler controls have 
come into increasing use on combatant ships. 
These changes are by no means the only ones 
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that have occurred during this period of time; 
they are noted here merely to indicate the 
variety of changes -that can be expected in the 
field of boilers and associated equipment. 

THE BOILERMAKER RATING 

The Boilermaker rating, which is a general 
rating limited to paygrades E-6 and above, does 
not have any service or emergency ratings. The 
source of personnel for the Boilermaker rating 
is the Boilerman rating. Men at the BT2 level 
may if otherwise qualified compete for advance- 
ment to BR1. Men in the BT rating in paygrades 
E-6 and above may submit requests to the Chief 
of Naval Personnel to change to the BR rating. 

Boilermakers test, maintain, and repair 
marine boilers, heat exchangers, and associated 
equipment; inspect boilers and recommend cor- 
rective boiler operating measures; andperform 
electric arc welding and oxyacetylene welding 
and cutting in effecting boiler repairs. 

A careful study of the qualifications for ad- 
vancement shows that you must perform a va- 
riety of tasks. In addition to performing the 
tasks applicable to any boiler repair job, you 
will be required to supervise a boiler shop, esti- 
mate time and materials needed for repair jobs, 
and prepare maintain records and reports. 

To supervise effectively, you need to know 
the ship's organization and the place of the 
boiler shop in that organization. The boiler shop 
will most likely be in the machinery division; 
however, it may be in the hull division, depend- 
ing on the individual ship's organization. Your 
work will bring you in contact with Shipfitters, 
Machinery Repairmen, and personnel of other 
ratings. You must learn to cooperate with and 
to obtain the cooperation of others within the 
organization in order to accomplish the depart- 
ment's or ship's mission. 

As a supervisor, you must know (1) to whom 
you and your shop are directly responsible, (2) 
where you can obtain advice and assistance when 
necessary, (3) where your orders and assign- 
ments originate, (4) what your supervisors ex- 
pect from you, and (5) what your shop is capable 
of doing. 

As a Boilermaker, you may be assigned to 
destroyer escorts, destroyers, frigates, cruis- 
ers, carriers, tenders, or repair ships. Ob- 
viously, your duties will vary according to the 



type of ship to which you are assigned. On com- 
batant ships, particularly the smaller ones, you 
may find that you have some duties connected 
with boiler operation as well as your main work 
of maintenance and repair. On repair ships and 
tenders, you will probably be assigned to the 
boiler shop where you will be more of a spe- 
cialist in maintenance and repair. 

Shore assignments for Boilermakers may 
vary even more widely than shipboard assign- 
ments. Because of your military qualifications, 
you may be assigned to recruiting duty, master 
at arms duty, recruit training, or Naval Reserve 
training. Boilermakers assigned to underway 
training commands may act as ship's riders, 
observing and evaluating the handling of battle 
problems and engineering exercises. A limited 
number of particularly well qualified Boiler- 
makers are assigned as instructors in Navy 
schools. Boilermakers may also be assigned to 
the Naval Examining Center, Great Lakes, to 
assist in making up the servicewide advance- 
ment examinations; to the Training Publications 
Division, Naval Personnel Program Support 
Activity, Washington, D.C. to assist in the prep- 
aration of Rate Training Manuals and other 
training materials; and to various other highly 
specialized billets where their technical knowl- 
edge can be utilized. 

REQUIREMENTS FOR ADVANCEMENT 

In general, to qualify for advancement you 
must: 

L Have a certain amount of time in grade. 

2. Complete the required military and oc- 
cupational training manuals. 

3. Demonstrate the ability to perform all 
the PRACTICAL requirements for advancement 
by completing the Record of Practical Factors, 
NavPers 1414/1 (formerly NavPers 760). 

4. Be recommended by your commanding 
officer. 

5. Demonstrate your KNOWLEDGE by 
passing a written examination based on (a) the 
military requirements for advancement and (b) 
the occupational qualifications for advancement. 

Advancement is not automatic. Meeting all 
the requirements, makes you eligible for ad- 
vancement but does not guarantee your advance- 
ment. The number of men in each rate and rat- 
ing is controlled on a Navy -wide basis. There - 
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fore, the number of men that may be advanced 
is limited by the number of vacancies that exist. 
When the number of men passing the examina- 
tion exceeds the number of vacancies, some 
system must be used to determine which men 
may be advanced and which may not. The system 
used is the "final multiple* and is a combination 
of three types of advancement systems. 

Merit rating system 
Personnel testing system 
Longevity, or seniority system 

The Navy's system provides credit for per- 
formance, knowledge, and seniority, and, while 
it cannot guarantee that any one person will be 
advanced, it does guarantee that all men within a 
particular rating will have equal advancement 
opportunity. 

The following factors are considered in 
computing the final multiple: 



Factor 

Examination score 

Performance factor 

(Performance evalua- 
tion) 

Length of service (years 
x 1) 

Service in pay grade 

(years x 2) 
Medals and awards 



Maximum Credit 
80 

50 

20 

20 
15 
185 



All of the above information (except the ex- 
amination score) is submitted to the Naval Ex- 
aming Center with your examination answer 
sheet. After grading, the examination scores, for 
those passing, are added to the other factors to 
arrive at the final multiple. A precedence list, 
which is based on final multiples, is then pre- 
pared for each pay grade within each rating. Ad- 
vancement authorizations are then issued, be- 
ginning at the top of the list, for the number of 
men needed to fill the existing vacancies. 

Always remember that the requirements for 
advancement will change from time to time. 
Check with your division officer or with your 
training officer to be sure you have the most 
recent requirements when you are preparing for 
advancement and when you are helping lower 



rated men to prepare for advancement. 

To prepare for advancement, you need to be 
familiar with (1) the military requirements and 
the occupational qualifications given in the 
Manual of Qualifications for Advancement , Nav- 
Pers 18068-B (with changes); (2) the Record of 
Practical Factors, NavPers 1414/1; (3) appro- 
priate Rate Training Manuals; and (4) any other 
material that may be required or recommended 
in the current edition of Training Publications 
for Advancement , NavPers 10052. These ma- 
terials are discussed later in the section of this 
chapter that deals with sources of information. 

SCOPE OF THIS TRAINING MANUAL 

Before studying any book, it is a good idea 
to know the purpose and the scope of the book. 
Here are some things you should know about this 
training manual. 

• It is designed to give you information on 
the occupational qualifications for advancement 
to BR1 and BRC. 

• It must be satisfactorily completed be- 
fore you can advance to BR1 or BRC, whether 
you are in the regular Navy or in the Naval 
Reserve. 

• It is NOT designed to give you informa- 
tion on the military requirements for advance- 
ment to POl or CPO. Rate Training Manuals that 
are specially prepared to give information on the 
requirements are discussed in the section of 
this chapter that deals with sources of informa- 
tion. 

• The occupational Boilermaker qualifica- 
tions that were used as a guide in the prepara- 
tion of this training manual were those pro- 
mulgated in the Manual of Qualifications for 
Advancement . NavPers 18068-B, change 4. 
Therefore, changes in the Boilermaker qualifi- 
cations occurring after this change may not be 
reflected in the information given in this train- 
ing manual. Since your major purpose in study- 
ing this training manual is to meet the qualifi- 
cations for advancement to BRl or BRC, it is 
important for you to obtain and study a set of 
the most recent Boilermaker qualifications. 

• This training manual includes informa- 
tion that is related to both the KNOWLEDGE 
FACTORS and the PRACTICAL FACTORS of the 
qualifications for advancement. However, no 
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training manual can take the place of actual 
on-the-job experience for developing skill in the 
practical factors. The training manual can help 
you understand some of the whys andwherefores, 
but you must combine knowledge with practical 
experience before you can develop the required 
skills. The Record of Practical Factors, Nav- 
Pers 1414/1, should be utilized in conjunction 
with this training manual whenever possible. 

• This training manual deals almost en- 
tirely with the propulsion boilers and associated 
equipment installed on conventional steam- 
driven surface ships. It does NOT contain in- 
formation that is primarily related to auxiliary 
boilers, to nuclear-powered ships, to diesel- 
driven ships, or to submarines. 

• Chapters 2 through 20 of this training 
manual deal with the occupational subject mat- 
ter of the Boilermaker rating. Before studying 
these chapters, study the table of contents and 
note the arrangement of information. Informa- 
tion can be organized and presented in many 
different ways. You will find it helpful to get an 
overall view of the organization of this training 
manual before you start to study it. 

SOURCES OF INFORMATION 

It is very important for you to have an ex- 
tensive knowledge of the references to consult 
for detailed, authoritative, up-to-date informa- 
tion on all subjects related to the military re- 
quirements and to the occupational qualifications 
of the Boilermaker rating. 

Some of the publications discussed here are 
subject to change or revision from time to time - 
some at regular intervals, others as the need 
arises. When using any publication that is sub- 
ject to change or revision, be sure you have the 
latest edition. When using any publication that is 
kept current by means of changes, be sure you 
have a copy in which all official changes have 
been entered. 

BUPERS PUBLICATIONS 

The BuPers publications described here in- 
clude some which are absolutely essential for 
anyone seeking advancement and some which, 
although not essential, are extremely helpful. 



THE QUALS MANUAL . -The Manual of 
Qualifications for Advancement . NavPers 18068- 
B (with changes), gives the minimum require- 
ments for advancement to each rate within each 
rating. The Qua Is Manual lists the military re- 
quirements which apply to all ratings and the 
occupational qualifications that are specific to 
each rating. 

The Quals Manual is kept current by means 
of numbered changes. These changes are issued 
more frequently than most Rate Training Man- 
uals can be revised; therefore, the training 
manuals cannot always reflect the latest quali- 
fications for advancement. When preparing for 
advancement, you should always check the 
LATEST Quals Manual and the LATEST changes 
to be sure that you know the current require- 
ments for advancement. 

When studying the qualifications for ad- 
vancement, remember these three things: 

L The quals are the MINIMUM require- 
ments for advancement to each rate within each 
rating. If you study more than the required min- 
imum, you will of course have a great advantage 
when you take the written examination for 
advancement. 

2. Each qual has a designated pay grade - 
E-4, E-5, E-6, E-7, E -8, or E-9. You are re- 
sponsible for meeting all quals specified for ad- 
vancement to the pay grade to which you are 
seeking advancement AND all quals specified 
for lower pay grades. 

3. The written examinations for advance- 
ment to E-6 and above contain questions relating 
to the practical factors and the knowledge fac- 
tors of BOTH military/leadership requirements 
and occupational qualifications. Personnel pre- 
paring for advancement to E-4 or E-5 must pass 
a separate military /leadership examination 
prior to participation in the Navy -wide occupa- 
tional examination. The military /leadership ex- 
aminations for the E-4 and E-5 levels are given 
according to a schedule prescribed by the com- 
manding officer. Candidates are required to pass 
the applicable military /leadership examination 
only once. 

A special form known as the RECORD OF 
PRACTICAL FACTORS, NavPers 1414/1, isused 
to record the satisfactory completion of the 
practical factors, both military and occupational, 
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listed in the Quals Manual . Either this form 
or its predecessor, NavPers 760, is available 
for each rating. The old form will continue 
to be used until supplies are exhausted. When- 
ever a person demonstrates his ability to per- 
form a practical factor, appropriate entries 
must be made in the DATE and INITIALS 
column. As a BR1 or BRC, you will often be re- 
quired to check the practical factor performance 
of lower rated men and to report the results to 
your supervising officer. To facilitate record 
keeping, group records of practical factors are 
often maintained aboard ship. Entries from the 
group records must, of course, be transferred 
to each individual's Record of Practical Fac- 
tors at appropriate intervals. 

As changes are made periodically to the 
Quals Manual , new forms of NavPers 1414/1 
are provided when necessary. Extra space is 
allowed on the Record of Practical Factors for 
entering additional practical factors as they are 
published in changes to the Quals Manual . The 
Record of Practical Factors also provides space 
for recording demonstrated proficiency in skills 
which are within the general scope of the rating 
but which are not identified as minimum qualifi- 
cations for advancement. Keep this in mind when 
you are training and supervising lower rated 
personnel. If a man demonstrates proficiency in 
some skill which is not listed in the Boiler- 
maker quals but which falls within the general 
scope of the rating, report this fact to the super- 
vising officer so that an appropriate entry can 
be made. 

The Record of Practical Factors should be 
kept in each man' s service record and should 
be forwarded with the service record to the next 
duty station. Each man should also keep a copy 
of the record for his own use. 

NAVPERS 1Q052.- Training Publications 
for Advancement , NavPers 10052, is a very im- 
portant publication for anyone preparing for ad- 
vancement. This publication lists required and 
recommended Rate Training Manuals and other 
reference material to be used by personnel work- 
ing for advancement. NavPers 10052 is revised 
and issued once each year by the Bureau of 
Naval Personnel. Each revised edition is identi- 
fied by a letter following the NavPers number. 
When using this publication, be SURE you have 
the most recent edition. 



The required and recommended references 
are listed by rate level in NavPers 10052. It is 
important to remember that you are responsible 
for all references at lower rate levels, as well 
as those listed for the rate to which you are 
seeking advancement. 

Rate Training Manuals that are marked with 
an asterisk (*) in NavPers 10052 are MANDA- 
TORY at the indicated rate levels. A mandatory 
training manual may be completed by (1) passing 
the appropriate Enlisted Correspondence Course 
based on the mandatory training manual, (2) 
passing locally prepared tests based on the in- 
formation given in the mandatory training man- 
ual, or (3) in some cases, successfully complet- 
ing an appropriate Navy School. 

It is important to notice that all references, 
whether mandatory or recommended, listed in 
NavPers 10052 may be used as source material 
for the written examinations, at the appropriate 
rate levels. 

RATE TRAINING MANUALS. —Rate Train- 
ing Manuals are written for the specific purpose 
of helping personnel prepare for advancement. 
Some manuals are general in nature and are in- 
tended for use by more than one rating; others 
(such as this one) are specific to the particular 
rating. 

Rate Training Manuals are revised from 
time to time to bring them up to date. The re- 
vision of a Rate Training Manual is identified 
by a letter following the NavPers number. You 
can tell whether a Rate Training Manual is the 
latest edition by checking the NavPers number 
and the letter following the number in the most 
recent edition of the List of Training Manuals 
and Correspondence Courses , NavPers 10061 
(revised). 

There are three Rate Training Manuals 
that are specially prepared to present informa- 
tion on the military requirements for advance- 
ment. These Manuals are: 

Basic Military Requirements , NavPers 
10054 (current edition). 

Military Requirements for Petty Officer 
3 & 2, NavPers 10056 (current edition). 

Military Requirements for Petty Officer 
1 & C, NavPers 10057 (current edition). 

Each of the military requirement manuals 
is mandatory at the indicated rate levels. Inad- 
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dition to giving information on the military re- 
quirements, these three manuals give a good 
deal of useful information on the enlisted rating 
structure; how to prepare for advancement; how 
to supervise, train, and lead other men; and how 
to meet your increasing responsibilities as you 
advance to a higher rate. 

Some of the Rate Training Manuals that 
may be useful to you when you are preparing to 
meet the occupational qualifications for advance- 
ment to BR1 and BRC are discussed briefly in 
the following paragraphs. For a complete listing 
of Rate Training Manuals, consult the List of 
Training Manuals and Correspondence Courses , 
NavPers 10061 (revised). 

Basic Handtools, NavPers 10085 -A. Al- 
though this training manual is not specifically 
required for advancement in the Boilermaker 
rating, you will find that it contains a good deal 
of useful information on the care and use of all 
types of handtools and portable power tools com- 
monly used in the Navy. 

Blueprint Reading and Sketching , NavPers 
10077-C, contains information that may be of 
value to you as you prepare for advancement to 
BR1 and BRC. 

Mathematics , Vol. 1, NavPers 10069-C, and 
Mathemat ics, Vol. 2, NavPers 10071 -A. These 
two training manuals may be helpful if you need 
to brush up on your mathematics. Volume 1, in 
particular, contains basic information that is 
needed for using formulas and for making simple 
computations. The information contained in vol- 
ume 2 is more advanced than you will need for 
most purposes, but you may occasionally find it 
helpful. 

Boilerman 3 & 2, NavPers 10535-E. It is 
recommended that you study this training manual 
and have a thorough knowledge of its contents 
before taking the advancement examination for 
BR1 or BRC. 

Rate Training Manuals prepared for other 
Group VII (Engineering and Hull) ratings are 
often a useful source of information. Reference 
to these training manuals will increase your 
knowledge of the duties and skills of other men 
in the engineering department. The training man- 
uals prepared for Machinist's Mates, Engine- 
men, and Boilermen are likely to be of particu- 
lar interest to you. 



OFFICER TEXTS.-Officer texts that you 
may find helpful when you are preparing for ad- 
vancement to BR1 and BRC include Engineering , 
Operation , and Maintenance , NavPers 10813-B; 
Enginee ring Administration, NavPers 10858-B; 
and Principles of Naval Engineering , NavPers 
NavPers 10788-A. 

CORRESPONDENCE COURSES .-Most Rate 
Training Manuals and Officer Texts are used as 
the basis for correspondence courses. Comple- 
tion of a mandatory training manual can be ac- 
complished by passing the correspondence 
course that is based on the training manual. 
You will find it helpful to take other correspond- 
ence courses, as well as those that are based 
on mandatory training manuals. Taking a cor- 
respondence course helps you to master the in- 
formation given in the training manual or text 
and also gives you a pretty good idea of how 
much you have learned from studying the manual. 

OTHER BUPERS PUBLICATIONS. -Addi- 
tional BuPers publications that you may find use- 
ful in connection with your responsibilities for 
leadership, supervision, and training include the 
Manual for Navy Instructors , NavPers 16103-C 
and the Naval Training Bulletin , NavPers 14900 
(published quarterly). 

NAVSHIPS PUBLICATIONS 

A number of publications issued by the 
Naval Ship Systems Command will be of interest 
to you. While you do not need to know every- 
thing that is given in the publications mentioned 
here, you should have a general idea of where 
to find information in NavShips publications. 

The NavShips Technical Manual is the basic 
doctrine publication of the Naval Ship Systems 
Command. The Manual is issued for information 
and guidance of naval personnel, afloat and 
ashore, responsible for or engaged in the oper- 
ation, maintenance, and repair of machinery and 
equipment under cognizance of NavShips. The 
Manual contains administrative and technical 
instructions which are considered necessary for 
a clear understanding of the requirements of 
work coming under the cognizance of NavShips. 
The instructions included in the Manual are in 
accordance with what is considered the best 
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engineering practice for the operation, main- 
tenance, testing, and safety of machinery and 
equipment, and for the safety of personnel. 

The Naval Ship Systems Command Techni- 
cal News is a monthly publication which con- 
tains interesting and useful information on all 
aspects of shipboard engineering. The magazine 
is particularly useful because it presents infor- 
mation which supplements and clarifies informa- 
tion contained in the NavShips Technical Manual 
and because it presents information on new 
equipment, policies, and procedures. 

The manufacturers' technical manuals that 
are furnished with most machinery units and 
many types of equipment are valuable sources 
of information on operation, maintenance, and 
repair. The manufacturers' technical manuals 
for boilers and other fireroom equipment are 
usually given NavShips numbers. 

TRAINING FILMS 

Training films available to naval personnel 
are a valuable source of supplementary infor- 



mation on many technical subjects. Films that 
may be of interest are listed in the United States 
Navy Film Catalog , NavWeps 10-1-777, pub- 
lished in 1966. This catalog is now listed in the 
NavSup Forms and Publications Catalog, Nav- 
sup 2002, as NavAir 10-1-777. Beginning in 1967, 
Supplements to the Film Catalog carry the num- 
ber NavAir 10-1-777. 

When selecting a film, note its date of issue 
listed in the film catalog. As you know, proce- 
dures sometimes change rapidly. Thus, some 
films become obsolete rapidly. If a film is ob- 
solete only in part, it may sometimes be shown 
effectively if before or during its showing you 
carefully point out to trainees the procedures 
that have changed. For this reason, if you are 
showing a film to train other personnel, take a 
look at it in advance if possible so that you may 
spot material that may have become obsolete 
and verify current procedures by looking them 
up in the appropriate sources before the formal 
showing. 
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CHAPTER 2 

ORGANIZATION AND ADMINISTRATION 



The mission of a repair ship or tender is to 
make repairs and alterations to ships tended. 
With this in mind, ships and submarines will be 
assigned upkeep periods alongside, or near a 
repair ship or tender. The needs of the ships 
in upkeep must be accomplished in a specified 
period of time. The ships submit work requests 
for accomplishment of repairs and these work 
requests are reviewed, discussed, and details 
are smoothed out. Communication between ships 
in upkeep and the repair officer must be main- 
tained. Progress of job orders are reported, 
and departure reports are made out at the end 
of each upkeep period. To aid in the accom- 
plishment of the mission of the ship, you must 
be able to efficiently organize, supervise, and 
train your shop personnel. A knowledge of the 
information presented in this chapter should 
help you in performing your duties. The infor- 
mation contained in this chapter supplements 
that given in other chapters of this training man- 
ual, in Boilerman 3 & 2, NavPers 10535-E, 
and in Basic Handtools, NavPers 10085-A. 

Before getting into the actual subject matter 
of this chapter, let' s take a moment to consider 
what results you may expect from studying this 
material. 

After carefully studying this chapter, you 
should be able to explain the functions of the re- 
pair department, list the divisions and give 
their duties, define all the availabilities, list 
the records and reports discussed and identify 
the types of entries and information recorded 
on them, explain the factors related to estimat- 
ing a job, plan shop work including lay out, job 
assignment, establishing priorities, and sched- 
uling jobs, and list the three general areas of 
indoctrination for new men. 



REPAIR DEPARTMENT ORGANIZATION 

Before discussing the methods of organizing 
a shipboard boiler shop for production, it is es- 
sential to consider the organization of the repair 
department and the repair ship maintenance 
procedures. When your assignment sends you to 
duty ashore, you will work within the framework 
of an organization having a mission similar to 
that of a shipboard repair department. A thorough 
understanding of the team spirit that prevails 
in the repair procedure will give you a clearer 
picture as to where the boiler shop fits into the 
scheme of the total repair mission. 

A department is the backbone of the organi- 
zational structure of the ship. The department 
is limited to certain clearly defined functions 
such as those related to engineering, repair, 
or gunnery. This organizational structure per- 
mits the commanding officer to delegate re- 
sponsibilities to lower levels of authority while 
maintaining overall control and responsibility 
for the operation of his ship. 

The department is subdivided into divisions 
with respect to smaller areas of responsibility 
within the department. The head of a department 
is responsible to the commanding officer for the 
operation of his department. Departmental ad- 
ministrative and divisional assistants are re- 
sponsible to tho head of department. 

As a Boilermaker, you will be serving in a 
division of the repair department. The repair 
department is headed by the repair officer. 

REPAIR OFFICER 

The primary responsibility of the repair of- 
ficer is the maintenance of a well-organized and 
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efficiently operated repair department. To ac- 
complish this he issues and enforces depart- 
mental orders, he makes frequent inspections 
to ensure the maintenance of proper standards 
within the department, and he reviews person- 
nel problems in such matters as training, assign- 
ments, and leave. In addition, the repair officer 
is responsible for operating within the allot- 
ment granted or for requesting additional funds 
when necessary. 

The repair officer reviews work requests 
received. When required, he makes recom- 
mendations to the commanding officer regard- 
ing the acceptance or rejection of individual 
jobs according to the capabilities and current 
workload of the repair department. 

ASSISTANT REPAIR OFFICER 

The assistant repair officer is charged with 
the responsibilities of the repair officer in the 
latter' s absence; he otherwise discharges such 
responsibilities as may be delegated to him. He 
is usually charged with the internal administra- 
tion of the repair department, the handling of 
department correspondence, the maintenance of 
adequate files and records, and the preparation 
of reports. The assistant repair officer is re- 
sponsible for the details of the training program 
for personnel in the repair department. The rout- 
ing of job orders is also his responsibility, as 
is the dissemination of any information (such as 
department orders) necessary to the welfare of 
personnel. 

In addition to general office administration, 
the assistant repair officer may be assigned 
the more specific jobs of keeping progress data 
on all outstanding work, supervising the photo- 
graphic laboratory, supervising the drafting 
room, and preparing requisition data for special 
material. To perform this latter function he 
works closely with the supply department in 
order to expedite the preparation of requisi- 
tions and to initiate followup on outstanding 
requisitions. 

OTHER ASSISTANTS 

In addition to the assistant repair officer, 
the repair officer also has the following assist- 
ants: 



An ELECTRICAL assistant, who is respon- 
sible for the proper functioning of these shops* 
electrical repair, electrical instrument, gyro, 
and battery. 

An ELECTRONICS assistant, who is respon- 
sible for all repair and alteration work accom- 
plished by the electronics division. 

A MACHINERY assistant, who is responsible 
for the proper functioning of the foundry, boiler, 
and the upper (light), lower (heavy), and outside 
machine shops. 

A HULL assistant, who is responsible for the 
proper functioning of the pattern, carpenter, 
shipfitter, blacksmith, sheetmetal, pipe and 
copper, canvas, and welding shops. 

A WEAPONS assistant, who is responsible 
for the proper functioning of the ordnance re- 
pair, fire control, and torpedo shops. 

A DASH assistant (Dash- Drone Antisub- 
marine Helicopter), who is responsible for the 
repairs of avionics equipment and engines, and 
minor structural damage. 

DIVING AND SALVAGE OFFICER 

The duties of the diving and salvage officer 
may constitute a separate assignment, or may 
be assigned as an additional duty to one of the 
division officers of the repair department. His 
principal responsibility is the personal super- 
vision of all diving operations. He is responsible 
for the maintenance and inspection of diving 
equipment, to ensure that it is always ready for 
use and in perfect condition. He must also en- 
force compliance with the diving instructions and 
precautions given in the U. S. Navy Diving Man- 
ual, and chapter 9940 of the NavShips Technical 
Manual . 

The diving and salvage officer is also re- 
sponsible for the adequacy and readiness of sal- 
vage gear including the rigging equipment, line, 
cable and chain, and of underwater tools such 
as burning, cutting, and welding outfits. 

REPAIR DEPARTMENT DUTY OFFICER 

The duties and responsibilities of the repair 
department duty officer are set forth in the ship' s 
organization book. In the absence of the repair 
officer or assistant repair officer, the duty of- 
ficer sees that incoming ships are met by a 
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boarding officer and administers requests for 
emergency and routine repair work. 

When the ship is at anchor or moored, he 
makes the eight o'clock report to the command 
duty officer after determining the status of the 
department by making necessary inspections and 
consolidating the evening reports made by duty 
CPOs. When underway, he makes this report 
prior to 1900 to the repair officer. (When special 
night jobs are going on, the report must include 
information regarding the number of men work- 
ing, boats away from the ship on repair work, 
and any unusual conditions existing.) 

The duty officer arranges with other depart- 
ments for any assistance he may need in the re- 
pair department. 

He acquaints himself with the morning orders 
and sees that any part which pertains to the re- 
pair department is carried out. The duty officer 
does everything possible to increase the effi- 
ciency of the repair department during his day' s 
duty. 

SHIP REPAIRS 

You may be assigned as ship's superin- 
tendent or as a repair department progressman. 
These jobs require considerable knowledge of 
repair procedures, especially those relating to 
administrative practices for processing work 
requests and for maintaining logs and reports 
to provide the repair officer with information 
on the status of work being done on ships along- 
side. The responsibilities of ship' s superintend- 
ent and progressman often overlap and you may 
perform both functions at the same time. 

Collectively, the duties of a ship' s superin- 
tendent and progressman are: 

L Act as coordinator of shopwork on the 
ships assigned to you. 

2. Act as liaison between the ships and the 
tender in regard to repair department jobs. 

3. Report daily to the commanding officers, 
or their representatives, of the ships assigned to 
you, to ensure that the work is progressing sat- 
isfactorily as far as the ship is concerned. 

4. Report on Friday of each week, to the re- 
pair officer, the status of each job, bringing to 
his attention any high priority job that is lagging. 
Include in this report recommendations as to 
the shifting of work, material procurement, and 



whether or not the job can be completed on 
time. 

5. Maintain a daily progress report or chart 
which will indicate (a) the percent completion of 
each job, (b) the availability of plans, sketches, 
or samples, and (c) the availability of material 
required for each job. 

6. Maintain a followup check on material 
ordered, to ensure the timely receipt of the 
material. 

7. Obtain signatures from officers con- 
cerned in case of cancellation of a job order. 

8. Notify the ships to pick up completed 
material on the tender. 

9. Secure signatures from officers con- 
cerned on completion of job orders. 

10. Notify ships' personnel to witness tests 
on machinery, compartments, and tanks, occa- 
sioned by work performed. 

A thorough knowledge of the information 
included in the following sections will be helpful 
in the efficient performance of your job as 
ship's superintendent or progressman. 

REPAIRS AND ALTERATIONS 

Work done to repair and improve ships may 
be divided into the general categories of (1) re- 
pairs, (2) alterations, and (3) alterations equiva- 
lent to repairs. 

A REPAIR is defined as the work necessary 
to restore a ship or an article to serviceable 
condition without change in design, in materials, 
or in the number, location, or relationship of 
parts. Repairs may be accomplished by ship' s 
force, by repair ships and tenders, or by naval 
shipyards or other shore -based activities. 

An ALTERATION is defined as any change 
in the hull, machinery, equipment, or fittings 
which involves a change in design, in materials, 
or In the number, location, or relationship of 
the parts of an assembly, regardless of whether 
it is undertaken separately from, incidental to, 
or in conjunction with repairs. 

Alterations must be authorized by com- 
petent authority. The two types of alterations 
that are of primary concern to you are NAV- 
ALTS and SHIPALTS. A NAVALT is an alter- 
ation that affects the military characteristics of 
a naval ship. 

A SHIPALT is an alteration under the tech- 
nical cognizance of the Naval Ship Systems Com- 
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mand, regardless of whether or not it affects 
the military characteristics of the ship. Thus, 
an alteration might be only a SHIPALT or it 
might be both a SHIPALT and a NAVALT. The 
same principle applies to alterations under the 
technical cognizance of other systems com- 
mands. For example, an ORDALT (ordnance 
alteration under the cognizance of the Naval 
Ordnance Systems Command) might be only an 
ORDALT or it might be both an ORDALT and a 
NAVALT. 

An ALTERATION EQUIVALENT TO A RE- 
PAIR is an alteration which meets one or more 
of the following conditions: 

L The substitution, without other change 
in design, of materials which have previously 
been approved by the Naval Ship Systems Com- 
mand (or other cognizant systems command) 
for similar use and which are available from 
standard stock. 

2. The replacement of wornout or damaged 
parts, assemblies, or equipment requiring re- 
newal by those of later and more efficient design 
previously approved by the Naval Ship Systems 
Command (or other cognizant systems com- 
mand). 

3. The strengthening of parts which require 
repair or replacement in order to improve re- 
liability of the parts and of the unit, provided no 
other change in design is involved. 

4. Minor modifications which involve no 
significant changes in design or functioning of 
the equipment but which are considered essen- 
tial to prevent recurrence of unsatisfactory 
conditions. 

Only the systems command exercising tech- 
nical control over the article, or the authority 
to whom such technical control has been dele- 
gated by that systems command, may designate 
an alteration equivalent to a repair and approve 
it for accomplishment. 

AVAILABILITIES 

A ship may not informally and on her own 
initiative come alongside a repair ship or 
tender or enter a naval shipyard or other shore - 
based repair activity. The control and disposi- 
tion of a naval ship is at all times a function of 
certain operating commands. When a ship needs 
outside repair assistance, or when it is sched- 



uled for a regular overhaul, the type commander 
or in some cases the task force commander as- 
signs the ship an availability at a repair activity. 
An availability is defined in Navy Regulations 
as "the period of time assigned a ship by com- 
petent authority for the uninterrupted accom- 
plishment of work which requires services of a 
repair activity ashore or afloat." The brief de- 
scriptions of availabilities which follow are 
based on definitions as presented in the Equip- 
ment Identification Code (EIC) Manual . 

A RESTRICTED AVAILABILITY is an avail- 
ability for the accomplishment of specific items 
or work by a repair activity, normally with the 
ship present, during which period the ship is 
rendered incapable of fully performing its as- 
signed mission and task due to the nature of the 
repair work. This type of availability applies to 
shipyards only. 

A TECHNICAL AVAILABILITY is an avail- 
ability for the accomplishment of specific items 
of work by a repair activity, normally with the 
ship not present, during which period the ship* s 
ability of fully performing its assigned mission 
and tasks is not affected by the nature of the re- 
pair work. (This availability applies to ship- 
yards only.) For example, when an auxiliary 
pump needs repairing, a technical availability 
may be granted. Since the ship will not be pres- 
ent during the availability, arrangements must 
be made for the ship to deliver the defective 
equipment to the repair activity and to call for 
it on completion of repairs, or to provide 
adequate shipping instructions. 

A REGULAR OVERHAUL is an availability 
for the accomplishment of general repairs and 
alterations at a naval shipyard or other shore - 
based repair activity, normally scheduled in 
advance and in accordance with an established 
cycle. 

A SUPPLY AVAILABILITY is a period of 
time assigned a ship by competent authority for 
the uninterrupted accomplishment of a supply 
overhaul. A supply overhaul is the work in- 
volved in the purification and adjustment of on- 
board stocks and records to bring them into 
conformity with prescribed allowances or other 
stockage objective criteria. A supply availability 
is normally scheduled to coincide with a regular 
overhaul. 

VOYAGE REPAIRS are emergency jobs 
necessary to enable the ship to continue on its 



12 



Chapter 2-ORGANIZATION AND ADMINISTRATION 



mission and which can be accomplished without 
requiring a change in the ship's operating 
schedule or the general steaming notice in effect. 
This availability applies to shipyards only. 

A NRT SHIP AVAILABILITY is an avail- 
ability for the accomplishment of work for a 
naval reserve training ship. 

A REGULAR TENDER AVAILABILITY is an 
availability for the accomplishment of general 
repairs and authorized alterations which are 
beyond the capacity of the ship' s force; work is 
accomplished alongside a tender or repair ship. 
An availability of this type is normally scheduled 
in advance. 

AN EMERGENCY TENDER AVAILABILITY 
is an availability assigned to a ship for the pur- 
pose of rendering repairs to specific casualties. 
Emergency work takes first priority on a tender 
capacity. 

A PARENT TENDER/AUTOMATIC AVAIL- 
ABILITY is an availability for the accomplish- 
ment of items of work usually on ship-to-shop 
basis. The repairs are normally of a non- 
operational nature and done by a tender or re- 
pair ship on an unscheduled basis. 

A CONCURRENT AVAILABILITY is an 
availability for the accomplishment of ship-to- 
shop work by the tender or repair ship scheduled 
to coincide with the regular shipyard overhaul, 
or restricted availability. 

A SUPPORT AVAILABILITY is an avail- 
ability for the accomplishment of specific items 
of work for units or commands other than a 
ship such as an afloat staff or shore based 
activity. 

Although the term applies to work on naval 
ships, upkeep periods are not availabilities be- 
cause the work involved does not necessarily re- 
quire accomplishment by a repair activity. An 
UPKEEP PERIOD is the period of time assigned 
a ship, while moored or anchored, by competent 
authority for the uninterrupted accomplishment 
of work by the ship's force or other forces 
afloat. 

The Maintenance Deferred Action Sheet 
(replacement for the CSMP cards) is used as a 
basis for advance preparation of a work request. 
Work requests (OPNAV 4700-2C) are made out 
on outstanding work indicated by the Deferred 
Action Sheet (OPNAV 4700- 2D). 

The work requests, with the required num- 
ber of copies, are sent with a forwarding letter 



to the type commander. The staff officer handl- 
ing material and maintenance screens the work 

requests. Most of the ship' s availability work 
list items are approved and authorized. Also, 
the ship may have to furnish more detailed in- 
formation on certain work requests. The amount 
of corrective action taken by the reviewing staff 
officer will depend upon how well the work re- 
quests are written and the extent to which they 
follow established policies and procedures. 
Upon the completion of this screening, the 
ship' s work requests are forwarded to the re- 
pair ship or tender. This is done well in advance 
of the assigned period of availability so that the 
repair department personnel can schedule the 
work and make any necessary preparations, 

ARRIVAL CONFERENCE 

When a ship comes alongside for a regular 
tender availability, an arrival repair conference 
is usually held immediately. The conference is 
attended by representatives of the ship, of the 
repair department, and (usually) of the type 
commander. The relative needs of the ship and 
the urgency of each job are discussed. The ar- 
rival repair conference serves to clear up un- 
certainties for repair department personnel who 
have received and studied the work requests. 

Arrangements are also made for the repair 
ship to provide the primary services of steam 
and electricity in sufficient quantity to take care 
of heating and lighting requirements and to pro- 
vide limited power for ships alongside. In addi- 
tion to these services, the repair ship takes over 
communication watches. Fresh water and fuel 
requirements are not usually supplied by the 
tender. 

WORK REQUESTS AND JOB ORDERS 

Although the terms "work request" and "job 
order" are sometimes used interchangeably, 
this is not technically correct because the two 
terms actually have slightly different meanings. 
Work requests are made up by the ship and are 
forwarded through proper channels to the re- 
pair activity. When the work request has been 
approved by the repair activity, it is issued as a 
job order. Information on processing aworkre- 
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quest is given in Chapter 3 of this training man- 
ual. 

WORK AND PROGRESS REPORTS 

Inspection of the work and the record of 
progress on the various jobs must be closely 
followed by those responsible in the repair de- 
partment. Normally, the division officer makes 
several rounds of the shops and outside activi- 
ties during the day. He settles differences of 
opinion between ship and repair personnel on 
the conduct of any particular job, expedites sup- 
plementary job orders for other divisions, and 
eliminates bottlenecks in the course of progress. 

Daily progress reports are submitted on 
OPNAV Form 4700- 2F (Work Supplement Card) 
to the division officer at the end of each work 
day, for each job order. This information is pro- 
duced on the production report (PR-1) daily. This 
information is also reproduced on the Main- 
tenance Control Report 1 (MCR1) normally twice 
weekly, on Tuesday and Thursday. These reports 
are used by the repair officer, division officer, 
and shop supervisor. These reports can be of 
great value to the repair officer in estimating 
the amount of work carried, the wisdom of as- 
signments, and the actual progress being made. 
Information concerning work supplement cards 
and maintenance control reports are discussed 
in the next chapter. 

DEPARTURE REPORTS 

A departure report is a special report and is 
prepared by ,the repair ship or tender for ships 
undergoing a regular tender availability. The 
departure report contents may vary from one 
ship to another, but normally they contain the 
following entries: Ships accounting number, 
maintenance control number, item of repair, 
shops assigned, date completed, man-hours re- 
quired, number of job orders assigned to the 
ship, number of job orders cancelled, number of 
job orders not completed, and reasons for can- 
cellation and jobs not completed. 

SHOP MANAGEMENT 

As a BR1 or BRC, one of your major re- 
sponsibilities may be to supervise the boiler 
shop for production work and maintenance of 



equipment. In order to supervise the boiler 
shop most efficiently, you will rely mostly on 
your past experience in shop work and repair 
procedures. In addition to this, you will be re- 
quired to serve as division duty CPO or repair 
department CPO, maintain certain records and 
reports, ensure that tools and equipment are 
properly stored and maintained, conduct and 
supervise an effective training program, and 
give accurate estimates as to the time required 
to complete repair work. 

It is impossible to cover all the procedures 
and problems that arise in the work of a shop 
supervisor. By studying this section, you will 
become aware of some of the things that occur, 
particularly in regard to the job of setting up 
shop procedures, and the methods by which 
everyday problems are solved in the boiler shop. 

DUTIES AS A SUPERVISOR 

As a leading petty officer, you should know 
what work is done and what equipment is used 
by personnel of other Engineering and Hull group 
ratings. Although it is true that many mainte- 
nance and repair jobs can be properly handled 
within your own division, some jobs will require 
skills and equipment found only in other divi- 
sions. Therefore, you must learn to work with 
the repair department as well as with the en- 
gineering department. 

A cooperative attitude is a requisite of 
good leadership and supervision. You should 
show a cooperative attitude when dealing with 
your men and with men not assigned to your 
shop, whom you may have to instruct and super- 
vise. Your attitudes will have a definite effect 
upon the attitudes and the actions of these men. 

As a BR1, you may work with a chief who 
will assign you to handle the operational me- 
chanical aspects of the boiler shop. The chief 
will depend upon you to help him with many tasks 
and to accept any necessary responsibility. 
Therefore, you must be prepared to assume com- 
plete responsibility for the operation of the shop 
when you are required to be the leading PO. 

Under such conditions, you must know how to 
lead and supervise others. To supervise effec- 
tively, you need to know the ship' s organization 
and the position of the boiler shop in that organi- 
zation. Your work will bring you in frequent con- 
tact with the shipfitters and machinery repair - 
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men. Occasionally you may need the assistance 
of an instrumentman. 

Duties as Division Duty CPO 
or Repair Department CPO 

As a leading petty officer, you wlU # at reg- 
ular intervals, be the division duty CPO as well 
as a shop supervisor. As the duty CPO you will 
perform the following functions: 

1. Inspect all shops at the end of working 
hours and at such other times as may be nec- 
essary; make security reports daily prior to 
1900, concerning the number of men working at 
night, special jobs in progress, and any unusual 
conditions. (These reports are made to your di- 
vision officer when under way, and at other times, 
to the repair duty officer. On occasion, you may 
make these reports directly to the command duty 
officer.) 

2. See that all machinery being used is 
operated by competent and authorized personnel; 
that existing orders, instructions, and safety 
precautions are being followed; and that power, 
equipment, or compressed air are not being 
wasted. 

3. See that all tools and equipment not in 
use are properly secured. 

4. Check for fire and accident hazards in 
the shops and see that all shops not in use are 
clean and shipshape. 

5. Keep the repair duty officer and the 
men working on jobs notified of your whereabouts 
so that you may be readily located. 

6. Take charge of any repair department 
work for your division which may arise outside 
of working hours, when so directed by the re- 
pair officer, or in cooperation with the shop 
supervisor concerned. 

Duties as Shop Supervisor 

As a shop supervisor, you will be expected 
to perform the following duties: 

1. Plan, schedule, and check the progress 
of the shop workload. 

2. Expedite work and inspect all jobs. 

3. Ensure that work is done satisfactorily. 

4. Maintain order and discipline in the 
shop. 



5. Enforce all safety precautions. 

6. Sign receipts for all special custody 
tools and equipment issued to the shop. 

7. Maintain the necessary records and 
make inventories as directed by your division 
officer. 

8. Approve or disapprove special requests 
submitted by shop personnel, explaining your 
reasons for approval or disapproval to the di- 
vision officer at the time the requests are 
turned over to him. 

RECORDS AND REPORTS 

As you advance in rate, you will be required 
to assume more responsibility for the paper- 
work which is so necessary in a well-organized 
shop. In fact, to avoid bogging down completely 
in the mass of details, you will probably dele- 
gate some of these duties to an assistant in the 
shop. Keeping all your records up to date will 
enable you to keep a close check on each job, 
each workman, and each piece of equipment 
under your supervision. The ship will have 
standard forms and blanks for keeping some of 
the required records and for making certain 
supply transactions; for example, job orders 
(OPNAV 4700-2C), intershop work supplement 
cards (OPNAV 4700-2F), and stub requisitions 
(NAVSUP Form 1250). You can supplement these 
forms with shop logs and notebooks of your own 
design to meet your specific needs. 

A WORK PROGRESS LOG is a record of 
all the current and completed work accomplished 
by your shop and by each man assigned to the 
shop or working force. The system of keeping 
the work progress log may be one of your own 
design, but it should contain the following per- 
tinent data; job order maintenance control num- 
ber, date received, accounting number of the 
ship requesting the work, brief description of 
the job, name of the man assigned to do the job, 
the number of man-hours expended to complete 
the job, and the pattern number, if provided. 

A MATERIAL EXPENDED RECORD is a 
running inventory-of your stockpile-including 
such information as the date material was re- 
ceived, the jobs on which the material was ex- 
pended, and the balance on hand. To facilitate 
the preparation of stub requisitions, such data 
as quantities listed on the ship's allowance, 
location of the spaces where material is stored, 
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stock numbers, and nomenclature may be in- 
cluded. 

An EQUIPMENT LOG is a list of the 
various tools charged to you and their location— 
whether in the shop or storeroom, or assigned 
to an individual; the location of repair parts 
boxes can also be logged in this notebook. An 
equipment log kept up to date with adequate tool 
descriptions-make, model, and serial num- 
ber— will be of great assistance to you in making 
periodic inventories. 

As a senior petty officer, you may be re- 
quired to make EIGHT O'CLOCK REPORTS. 
The eight o* clock report on the status of the 
division is taken every night. If the division is 
not secure, the report will then include a de- 
scription of the work in progress, thenumberof 
men involved, and an estimate as to the time 
when the division will be secure. You will make 
your report either to the duty officer of your de- 
partment or, in his absence, directly to the com- 
mand duty officer. 

TOOLS AND EQUIPMENT 

Various tools and tool accessories have been 
designed and redesignedto greatly aid the skilled 
worker in the performance of his specialty. The 
Boilermaker benefited by the improvement in 
tool design. For example, in past years heat ex- 
changer tubing was expanded into the tube seats 
by the use of ball-drift type expanders. Now 
this same type of tubing is expanded into the 
seats by electronically controlled tube expand- 
ers. The electronically controlled tube ex- 
pander set speeds up production and does abet- 
ter job. But what of maintenance and repair? 
The ball-drift type of expander requires little 
care, whereas the electronically controlled tube 
expander set requires some special maintenance 
and care. 

Tube Bending Machines 

A tube bending machine requires relatively 
little maintenance. As a rule, routine mainte- 
nance procedures require that the tube bending 
machines should be operated weekly, thus elimi- 
nating the possibility of freeze-ups of the mov- 
ing parts. 



Additional maintenance requires that all 
parts should be kept clean and free of dirt and 
grit, particularly the radius blocks and the 
clamping devices. The radius blocks and the 
clamping devices should be carefully handled 
so as not to nick or burr the smooth surfaces 
of the grooves. Nicks or burrs or large pieces 
of dirt or chips may mar the surface of the 
tube. 

All threaded parts should be cleaned and 
lightly greased at frequent intervals to keep 
them in good working condition. 

If the tube bending machine utilizes elec- 
tricity for the operation of a compressor, the 
electrical part of the tube bending machine must 
be checked frequently by a qualified electrician. 

When bending operations have been com- 
pleted, all of the accessories should be cleaned 
and stowed in a safe place until the next bend- 
ing operation. 

Electronically Controlled Tube Expander Set 

The electronically controlled tube expander 
set is designed to provide the same amount of 
expansion in tubes of identical size, wall thick- 
ness, and material. To accomplish this, three 
relays are installed in the control unit. These 
three relays, which are the only moving parts 
in the control set, are (1) the pilot or control 
relay, (2) the holding relay, and (3) the cutoff 
relay. If the control unit does not stop the motor 
when the maximum amperage is reached, or if 
the relays chatter, or if the motor will not run 
when it is pushed forward, then the relays should 
be checked. These three relays are about the 
only source, of trouble in the set. The other 
parts of the set, such as resistors and rheo- 
stats, are accurately calibrated at the factory 
and need no further adjustments. As far as the 
motor is concerned, the principal maintenance 
problem is the replacement of the brushes. 

Stowage of the complete control set is 
another principal item of concern. The set must 
be stowed in a clean, dry area out of the way of 
normal shop working spaces, yet where it can 
be readily obtained for shop use. 

Observing the simple DOs and DON'Ts listed 
here will help prevent damage to the controls or 
to the operator, when the set is in operation. 
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1. Be sure the control set is properly 
grounded. 

2. Allow the motor to warm up for several 
minutes before using the set. 

3. Always keep the expander lubricated. 

4. Thoroughly tighten the knurled ring or 
the hexagon nut on the chuck when chucking the 
expander. 

5. Do not take hold of the chuck when the 
motor is running. 

6. Do not press forward on the motor be- 
for starting it; to do so would cause the control 
circuit to function and would thus prevent the 
motor from starting, since starting torque is 
generally greater than the maximum torque re- 
quired for expansion of tubes. 

7. Do not attempt to repair electrical equip- 
ment; send it to the electrical repair shop, 

Handhole Seat Refacing Tool 

The handhole seat refacing tool is one of the 
Boilermaker' s special tools which is pneumatic. 
Pneumatic tools include various kinds of hand- 
tools which are operated by compressed air. 
They are divided into two classes according to 
their principle of operation: (1) percussion, 
and (2) turbine driven. Percussion tools include 
riveting, chipping, and sand hammers and others 
which use a piston or plunger for striking a 
blow. Turbine -driven tools employ a rotor with 
a splined shaft to drive a spindle from which 
power is obtained for drilling, grinding, rolling 
tubes, etc. The handhole seat refacing tool falls 
under the class of turbine -driven tools. It re- 
quires relatively simple care and maintenance 
to ensure long life and positive operation. 

Stowage of the handhole seat refacing tool 
is of prime importance. Since the tool is actually 
a precision tool, it should be treated as such. 
Various parts of the refacing tool are subject 
to wear and are easily damaged. For example, 
the guide rollers on the forward end of the 
spindle will not permit accurate refacing of the 
handhole seat if they are nicked, cut, or burred. 
Also, if the handhole seat refacing tool and other 
pneumatic hand tools are permitted to lie 
around in damp or moist shelves or lockers, 
they will soon rust. The internal parts will not 
be free to move, and consequently all power will 
be lost. 



When mounting and adjusting the handhole 
seat refacing tool in position for a reseating 
operation, do not overtighten the leveling screws, 
since this may cause the leveling screws to bend 
and the leveling plate to warp. 

Before attaching the air hose to the refac- 
ing tool, turn on the air and blow through the 
hose to remove any moisture or other foreign 
matter that may have collected in the hose. 

The handhole seat refacing tool requires, 
as do all pneumatic tools, frequent lubrication. 
Be sure that fresh, clean, light machine oil is 
supplied to the refacing tool when it is in opera- 
tion. About four or five drops per minute is 
usually sufficient to ensure satisfactory opera- 
tion. 

Since the grinding wheels used with the re- 
facing tool are subject to wear, the grinding 
wheels must be refaced at frequent intervals. 
Grinding wheels with rounded edges must not 
be used to reface handhole seats. 

Hydrostatic Test Pumps 

Hydrostatic test pumps, being portable, can 
be readily transported from job to job. Some of 
the hydrostatic test pumps are operated by hand 
while others may utilize compressed air as the 
source of power. The test pumps require rela- 
tively little in the way of repairs; however, no 
pump remains effective without some form of 
routine maintenance. On a hydrostatic test pump, 
for example, the check valves should be in- 
spected periodically to be sure they are seating 
properly. The packing should be renewed at fre- 
quent intervals. When the pump is not in use it 
should be stowed neatly, away from the normal 
work area of the shop. 

Portable Power Tools 

Portable power tools such as drills, grind- 
ers, hammers and others that you may have in 
the shop require some specific maintenance. 
These tools may be pneumatically operated or 
electrically operated. It is your job as aBRl or 
BRC to make sure that the portable power tools 
are maintained in such a way that they need not 
be overhauled every time they are to be used. 

If a pneumatic tool fails in service because 
of neglect of routine maintenance, the slowdown 
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and loss of productivity of the shop will be di- 
rectly related. Electrical portable power tools 
must be checked -for grounds and shorts by a 
qualified electrician every month. 

Stowage of power tools is a prime requisite 
of routine maintenance. Pneumatic power tools 
such as hammers and guns can be readily stowed 
in a bin of the type illustrated in figure 2-1. 




98.160 

Figure 2-1.— Stowage bins for pneumatic 
hammers and guns. 

The bin is constructed of sheet metal and filled 
with a light machine oil. The tools are then in- 
serted through the holes in the shelf into the oil, 
with only the handle remaining above the shelf. 
In this manner the tools are kept free of rust 
and are well preserved. 

Stationary Power Tools 

Bench grinders, bandsaws, and power hack- 
saws are frequently used by the Boilermaker. 
Since some of these tools are located in the 
boiler shop, their maintenance is the respon- 
sibility of the Boilermaker. 

Routine maintenance checks and proce- 
dures, as described in the manufacturers' tech- 



nical manuals, should be closely followed in 
order to obtain long service life from stationary 
power tools. All safety precautions applicable 
to any specific tool must be posted on or near 
the tool and must be strictly adhered to. 

Portable Power Tool Accessories 

Various miscellaneous small tools have 
been designed as accessories to pneumatic and 
electric power tools. For example, tube ex- 
panders are used in conjunction with pneumatic 
and electrical drills, and backout tools are used 
with pneumatic hammers. These accessories 
also require some care and maintenance. 

TUBE EXPANDERS.-Tube expanders are 
available with various features to suit specific 
requirements and operating conditions. The 
service demanded of tube expanders is severe, 
and these precision tools should therefore be 
given particular care. For long, trouble-free and 
economical service, follow these suggestions: 

1. Remove all rust, mill scale, and other 
foreign matter from the inside of each tube be- 
fore expanding the tube. Foreign matter on the 
inside of a tube will tend to become embedded 
in the tube wall and may cause galling of the 
rolls and mandrel. 

2. Before use, the tube expander should be 
washed in diesel oil to remove rust-preventive 
compounds, dirt, grease, and other foreign mat- 
ter. Inspect the expander to make sure that the 
rolls and mandrel are free and in good condition. 

3. Before use, the tube expander should be 
properly lubricated with a pressure-resistant 
lubricant. If only a few small tubes are to be 
replaced, it is advisable to use a water-soluble 
lubricant, which can be washed away after the 
job is completed. When a large tube or a large 
number of tubes are to be replaced, a lube oil 
can be used. When a large amount of lube oil is 
used on tube expanders, however, the boiler 
must be boiled out before it is placed in serv- 
ice. 

4. Expanders should be rotated at a speed 
appropriate for the tube size, wall thickness, 
and length of tube seat. The composition of the 
tube metal must also be taken into consideration. 
The proper speed allows safe cold working of 
the tube metal without damage. It also ensures 



18 



Chapter 2- ORGANIZATION AND ADMINISTRATION 



minimum mandrel slippage andprevents heating 
of mandrels and rolls. 

5. After rolling each tube, clean and cool 
the expander in diesel oil or a light lubricating 
oil. It is good practice to have several expanders 
available so that one can be cooling while the 
other is being used. 

6. Inspect the rolls and the mandrel after 
rolling each tube. Replace any chipped rolls or 
mandrels immediately. A small chip in a roll 
can damage the entire set of rolls and the 
mandrel. 

7. After the job has been completed, the 
expander should be thoroughly cleaned with 
diesel oil or a light lubricating oil and stowed 
in a manner which will avoid the possibility of 
the parts rusting. Immersing the expander in a 
container of light lubricating oil is recom- 
mended. 

BACKOUT TOO IS. -Backout tools that are 
used for driving tubes and tube nipples out of 
drums and headers are either hand-driven or 
pneumatically-driven. The backout tools shown 
in figure 2-2 are used with a pneumatic hammer. 

Backout tools are constructed in various 
lengths. Some backout tools are straight and 
some are offset. The backout tools must be 
hardened to be effective. 

Even thougli backout tools are of consider- 
able hardness, they are not to be used as ham- 
mers or chisels. Since the backout tools have 
been hardened, they tend to be brittle. If a back- 
out tool is used for striking sidewise blows, 
chips may break out of the backout tool and in- 
jure the operator. 

When a backout tool is used properly, for 
the intended purpose, it will give long service 
life and good performance. After a backout tool 
has been used it should be wipedclean and coated 
with a light machine oil before it is stowed, to 
prevent rusting. 

Small Handtools 

The many other miscellaneous small tools 
that you may have in the shop do not present a 
very great maintenance problem; but they do 
require a little care in order to ensure long life 
and accuracy. Tools such as rules, micrometers, 
calipers, and others should be kept clean and 
neatly stowed when not in use. Suitable cabinets 
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Figure 2- 2. -Pneumatic backout tools. 

or drawers should be provided in order to pre- 
vent some tools from being shuffled around 
while you are looking for others. It maybe nec- 
essary to have a toolroom keeper to maintain 
the tools and to issue tools as they are needed. 

If a man is assigned as toolroom keeper, he 
can keep himself busy overhauling and maintain- 
ing the shop tools. However, this extra man is 
not always available, since all your men maybe 
needed for other jobs. If a man cannot be spared 
to act as toolroom keeper, you will have to allot 
special time for the maintenance and overhaul of 
the tools. Spare time, which is usually at a pre- 
mimum in the boiler shop, offers an excellent 
opportunity for the overhaul and maintenance of 
your shop tools. Items of maintenance that can 
be taken care of during relatively slack periods 
include replacing rawhide inserts in rawhide 
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hammers, sharpening chisels, inspecting the 
rolls of tube expanders and inserting new rolls 
if necessary, and ensuring proper operation of 
portable power tools. These small items of 
maintenance should be completed during slack 
periods. 

Welding And Cutting Equipment 

You will be responsible for the welding and 
cutting equipment that is assigned to your shop. 
This equipment includes regulators, torches, 
tips, electrodes, electrode holders, hoses and 
welding leads, and protective clothing. The 
preservation of all this equipment depends pri- 
marily upon correct stowage, correct mainte- 
nance, and correct usage. 

A regulator must be used only for the gas 
and at the pressure for which it is intended. 
Regulators must be tested periodically to en- 
sure their accuracy. Union nuts and connections 
on regulators should be inspected before the 
equipment is used, to detect faulty or dirty 
threads or seats which could allow gas leakage 
when the regulators are attached to the cylinder 
valves. Damage threads and seats must be 
cleaned before the regulators are attached to 
the cylinder valves. 

Torches must be properly maintained and 
must be kept clean and free of dirt or other for- 
eign matter. The threads which connect the gas 
hoses to the torch must be kept clean and un- 
damaged. Torch tips must be kept clean; it is 
particularly important to see that the orifices 
are clean and free of foreign matter. 

The electrodes must be kept dry. They must 
be handled carefully so thatthe electrode cover- 
ing will not become chipped or broken. When 
stowing boxes of electrodes, do not stack the 
boxes too high; the weight of a high stack of 
boxes can crush the lower boxes and cause dam- 
age to the coverings of the electrodes in the 
lower boxes. 

The electrode holders, hoses, and welding 
leads must be inspected before using to ensure 
that they are in a good state of repair. Particu- 
lar attention should be paid to the welding leads; 
during routine usage the insulation may become 
worn, thus exposing the bare cable. Leads in this 
condition are DANGEROUS and may cause serious 
fires and shock (or even death) to the operator. 



All protective clothing used for welding 
and cutting should be kept in suitable lockers 
for neat orderly stowage. 

PLANNING THE WORK 

The boiler shop supervisor, with the as- 
sistance of his leading petty officers, must plan 
each phase of each job that is assigned to his 
shop. The planning of the days work must include 
the lead jobs, the assist (supplementary) jobs 
from other repair shops, the routine upkeep and 
maintenance, and nonproductive work such as 
working parties. Lack of good planning will usu- 
ally result in confusion, delay, and sometimes 
failure to meet the commitments of the shop. 
The supervisor must plan for the coordinating 
of the various steps in the work. This involves 
consideration of available manpower, equipment, 
materials, and the workload of the other repair 
shops. 

Planning does not stop in the shop. The re- 
pair officer must know how many productive 
man-hours are to be available for repair work, 
during a specific availability, to enable him to 
know how much work can be accepted during 
that period of time. This is where estimating 
comes into the picture. The shop supervisor 
must have the ability to give an accurate esti- 
mate of the time that each of the jobs assigned 
to his shop will consume. To do this, he will 
rely heavily on his past experience and the ex- 
perience of his leading petty officers. He must 
also estimate nonproductive man-hours that will 
be required to meet his shop's obligations to 
provide for working parties, mess cooks, special 
liberty, etc. 

In planning the work, the capabilities of the 
men must be considered. Assigning an inex- 
perienced man to a difficult job requires that 
an experienced man be on hand to give direct 
supervision at all times. If the work load of the 
shop is light, this is a good training opportunity. 
However, if the shop has a heavy workload the 
inexperienced man would be of more value as- 
signed to a job requiring skills more in line 
with his experience. 

Another question to be answered is the num- 
ber of men required to accomplish the job. Too 
many men working on the same piece of equip- 
ment is sometimes worse than not enough. Each 
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job -will have to be analyzed step by step and 
then the required number of men assigned. 

Still another factor that must be considered 
is the necessary materials to accomplish the 
needed repairs. What kind of materials, how 
much is needed, where is it obtainable, and how 
much time will be taken to obtain it, are all 
questions that must be given much consideration. 
Possibly the material called for in the blueprint 
is no longer available. The research required 
in finding a suitable substitute takes time. 
These factors all must be considered by the 
supervisor of the shop. 

There are some materials that can be kept 
in the boiler shop in sufficient quantities to 
avoid delay caused by frequent trips to the issue 
room. These are the frequently used items such 
as anchor bolts, studs, boiler plate, and boiler 
tubes. For some items a 30-day supply is ade- 
quate; for other items a 90-day supply may be 
necessary. 

Usually, the BR1 or BRC will know from 
experience where each item is in the shop; he 
keeps his locator file in his head. He should also 
attach a list of the contents to each storage rack 
or cabinet so that the rest of the men in the shop 
will also know where things are stowed. Remem- 
ber the importance of good housekeeping in 
getting the work out. Have a place for everything 
and keep everything in its place. 

Estimating the amount of time and material 
required to complete a job is your responsibility. 
Unless you can accurately estimate the amount 
and kind of materials required by your shop, 
you will be short some items when you need 
them, or find your shop cluttered with items you 
do not need. A high inventory level of slow mov- 
ing material ties up your funds that might be 
used to better advantage. Remember that running 
a shop is like running a business; you must op- 
erate within the budget. Much of the guesswork 
in estimating can be eliminated if you make 
proper use of your records of material expended 
during the previous quarter. Include the amount 
of material required for any special work which 
you know is to be done during the period for 
which you are estimating. Plan and place your 
orders for material in advance with the supply 
officer through the division officer or depart- 
ment head. Do not bypass any of the normal sup- 
ply channels of authority. 



Inventory levels for most GSM are main- 
tained by the supply department. Aboard some 
repair ships or tenders, the BR1 or BRC will 
assist the supply officer in maintaining the in- 
ventory on boiler tubes, and refactory materials 
limit will be kept on hand. Before the low limit 
is reached, the Boilermaker will initiate re- 
quests for material (usually on a monthly basis) 
to replenish stock and to maintain the high limit 
supply. In reordering, take into consideration 
the rate of use, the balance on hand, and the ex- 
pected delay in shipment and delivery. 

Information concerning the procurement, 
custody, and inventory of repair parts andother 
supplies is in Military Requirements for Petty 
Officer _1 & C, NavPers 10057-B and in Military 
Requirements for Petty Officer 3 & 2, NavPers 
10056-B. 

Assigning Work 

The assignment of work changes constantly 
according to the amount and type of work being 
done in the shop. When the workload is light, the 
less experienced men may be assigned to a com- 
plicated job under the supervision of an experi- 
enced petty officer. When the workload is heavy 
the most experienced men will have to be as- 
signed to the complicated jobs and to those jobs 
that are of an urgent nature. At times, reas- 
signment of work must be made to prevent de- 
lays, to accomplish added new work, or to ex- 
pedite emergency jobs. Distribute and rotate 
work assignments so that there will always be 
two or more men in the shop who are familiar 
with all aspects of each type of job. In this way, 
work will not stop when one of the men is on 
watch or on liberty. 

Information on Incoming Jobs 

Job orders generally will be received in the 
shop several days in advance of the work. The 
shop supervisor should start his planning as 
soon as possible to gain an advantage of time. 
Jobs that have been done before may be planned 
in such a manner to assure that the material is 
in stock and the equipment is available for doing 
the job. In other words, what equipment and ma- 
terials are needed to accomplish the job? Mate- 
rials and equipment should be provided for in 
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the early stage of planning in order to accom- 
plish the job on schedule. Usually the activity 
requesting the work will provide the plans or 
blueprints along with the job order. The techni- 
cal library aboard your ship can also provide 
the necessary blueprints for the job at hand. At 
this stage of planning, it may be necessary to 
hold a production conference. This is where 
problems are solved for all shops concerned on 
how the job is to be completed. 

Priority of Jobs 

In planning and scheduling work in the boiler 
shop you will have to give careful consideration 
to the priority of each job order. Priorities are 
generally classified as urgent, routine, or 
deferred. 

Deferred jobs do not present much of a 
problem, as they are usually accomplished when 
the workload of the shop is light and there are 
few jobs of a higher priority to be done. 

The majority of job orders will have the 
routine priority assigned to them. Routine jobs 
make up the normal workload of the shop, and 
must be carefully planned and scheduled so that 
the daily organization and production can be 
maintained at a high standard. The shop super- 
visor reviews each job order with the division 
officer and they work out the order in which the 
jobs will be accomplished. In doing so, some- 
times it is desirable to complete a number of 
small jobs before assigning a large number of 
shop personnel to a single major job; on other 
occasions, it may be more efficient to reverse 
this sequence. As the work proceeds, additional 
conferences and rescheduling of the workload 
may be required. The men are assigned new jobs 
as soon as they complete current work. 

Urgent priority jobs require immediate 
planning and scheduling. Other jobs, of lower 
priority, may have to be set aside so that urgent 
jobs can be accomplished. At times it may be 
necessary to assign men to a night shift so that 
urgent jobs can be completed on time. 

Scheduling Work 

The main object in planned scheduling of 
work is to have the work flow smoothly and to 
have the next job ready to start without delay, 
since lost time between jobs lowers the overall 



efficiency of the shop. Because of the variety of 
jobs which you and your men will be required 
to perform, work schedules must be prepared to 
make sure that all work is completed on time. 
In all cases, work schedules must be coordinated 
with the plan of the day (issued by the executive 
officer) which sets the time and sequence of 
routine work, drills, inspections, and liberty, 
for the guidance of officers and men. In addition, 
the work schedules must be flexible enough to 
adapt to changes in priorities, transfer of per- 
sonnel, temporary breakdowns of equipment, 
unscheduled ship drills, or any other emergency 
that may come up from time to time. 

Experience, judgment, and foresight are 
required to maintain an organized scheduling of 
work in the shop, in order to get the numerous 
jobs finished at their respective times. 

ESTIMATING TIME FOR A JOB 

You will often be required to estimate the 
amount of time, the number of men, and the 
amount of material that will be required for re- 
pair jobs. Actually, you are making some kind 
of estimate every time you plan and start a re- 
pair job, as you consider such questions as: How 
long will it take? Who can best do the job 7 How 
many men will be needed? Are all necessary 
materials available? 

However, there is one important difference 
between the estimates you make for your own 
use and those that you make when your division 
officer asks for estimates. When you give an 
estimate to someone in authority over you, you 
cannot tell how far up the line this information 
will go. It is possible that an estimate you give 
to your division officer could ultimately affect 
the operational schedule of the ship; it is es- 
sential, therefore, that such estimates be as 
accurate as you can possibly make them. 

Many of the factors that apply to the sched- 
uling of all maintenance and repair work apply 
also to estimating the time that will be required 
for a particular repair job. You cannot make a 
reasonable estimate until you have sized up the 
job, checked on the availability of materials, 
checked on the availability of skilled personnel, 
and checked on the priority of the various jobs 
for which you are responsible. In order to make 
an accurate estimate of the time required to 
complete a specific repair job, you must also 
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consider (1) what part of the work must be done 
by other shops, and (2) what kinds of interrup- 
tions and delays may occur. These factors are 
also important in the routine scheduling of main- 
tenance and repair work; but they are particu- 
larly important when you are making estimates 
of time that may affect the operational schedule 
of the ship. 

If part of the job must be done by other 
shops, you must consider not only the time ac- 
tually required by these other shops but also the 
time that may be lost if one of them holds up 
your work. Each shop should make a separate 
estimate, and the estimates should be combined 
in order to obtain the final estimate. Do NOT 
attempt to estimate the time that will be required 
by other personnel. Attempting to estimate what 
someone else can do is risky because you can't 
possibly have enough information to make an ac- 
curate estimate. 

Consider all the interruptions that might 
cause delay over and above the time required 
for the work itself. Such things as drills, in- 
spections, field days, and working parties can 
have quite an effect on the number of men who 
will be available to work on the job at any given 
time. 

Estimating the number of men v/ho will be 
required for a certain repair job is, obviously, 
closely related to estimating time. You will have 
to consider not only the nature of the job and the 
number of men available but also the number of 
men who can work EFFECTIVELY on a job or 
on part of the job at the same time. On many 
jobs, there is a sort of natural limit to the num- 
ber of men who can work effectively at any one 
time. On a job of this kind, doubling the number 
of men will not cut the time in half; instead, it 
will merely result in confusion and aimless 
milling around. 

Perhaps the best way to estimate the time 
and the number of men that will be required is 
to divide the total job into the various phases or 
steps that will have to be done, and then esti- 
mate the time and the men required for each 
step. For example, suppose it is necessary for 
you to estimate the amount of time that will be 
required to renew the plastic in a boiler front. 
If there are three men available to do the work, 
you might divide the job into the following steps: 



STEP A— getting the plastic and the tools to 
the fireroom-will take three men about 1 hour. 

STEP B-removing one air register, re- 
moving the old plastic, and removing the burner 
cones-will take two men about 1 hour. 

STEP C-installing the forms-will take two 
men about 1 hour. 

STEP D-opening the cans of plastic, pass- 
ing the material into the furnace, and ramming 
it into the boiler front-will take three men about 
2 hours. 

STEP E-cutting and scraping the plastic to 
wall thickness, removing the forms, sweeping 
the burner cone openings, wire brushing the sur- 
faces, venting the plastic, and installing the 
burner cones and the air register-will take 
three men about 1 hour. 

By adding up the hours required for each 
step, you can get a total estimate that the work 
itself will take about 6 hours. 

In some cases, you will find it helpful to 
draw up a diagram or chart showing how many 
men can be assigned to each step of the job, how 
long each step is likely to take, and how many 
of the steps can be performed at the same time. 
Figure 2-3 shows a chart of this kind for the job 
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NUMBER OF HOURS 

104.3 

Figure 2-3.-Chart for estimating time re- 
quired for renewing plastic in burner 
front (three men available). 
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we have just considered-the renewal of plastic 
in a boiler front, with three men available to do 
the job. 

How much time could you save if you had 
five men available to do the work, instead of 
three 7 Let's draw up another chart (fig. 2-4) 



6- 




NUMBER OF HOURS 

104.4 

Figure 2-4.— Chart for estimating time re- 
quired for renewing plastic in burner 
front (five men available). 

to show this situation. With five men working, 
step B can be performed at the same time as 
step A. The rest of the job, however, cannot be 
speeded up at all by having five men available. 
Most of the work must be done in sequence. For 
example, you can't install the forms before you 
have removed the old plastic, and you can't ram 
the plastic into the boiler front before you have 
installed the forms. Furthermore, it is not 
practicable to have more than two men working 
on the job in step C or to have more than three 
men working in steps D and E. Therefore, you 
could only save 1 hour by having five men work- 
ing on the job instead of three. 

The same principles of estimating time and 
labor can be applied to any repair job. Using 
charts of the type shown in figures 2-3 and 2-4 
is particularly helpful when you need to analyze 
a complex job and figure out how many men to 



assign to the job and how long the job will take 
to complete. 

A chart of the type shown in the illustration 
shows you something else, too-the number of 
man-hours required for each step and (by addi- 
tion) the number of man-hours required for the 
entire job. Let's look at the man-hours required 
for the job we have just been considering. 

Step A 3 man-hours 

Step B 2 man-hours 

Step C 2 man-hours 

Step D 6 man-hours 

Step E 3 man-hours 

TOTAL 16 man-hours 

So the total job requires 16 man-hours of 
work. But just what does this mean 7 Does the 
number of man-hours tell you how long the job 
is going to take 7 Is it safe to assume that a job 
requiring 16 man-hours can be done in 4 hours 
if you put four men to work on it, or in 2 hours 
if you put eight men to work on it 7 Obviously not. 
The unit MAN-HOURS is a measure of amount of 
work, but it is not a measure of the total length 
of time. You should be very cautious about using 
man-hours as the basis for estimating how long 
a job will take, since the unit man-hours does 
not allow for the sequence in "which the work 
must be performed, the number of separate 
steps required, or the number of men who can 
work on the job at any given time. 

Estimating the materials required for a re- 
pair job is often more difficult than estimating 
the time and labor required for the job. Although 
your own past experience will be your best guide 
for this kind of estimating, a few general con- 
siderations should be noted: 

1. Keep accurate records of all materials 
and tools used in any major repair job. These 
records serve two purposes: first, they provide 
a means of accounting for materials used; and 
second, they provide a guide for estimating 
materials that will be required for similar jobs 
in the future. 

2. Before starting any repair job, plan the 
job carefully and in detail. Make full use of man- 
ufacturers' technical manuals, blueprints, draw- 
ings, and any other available information and 
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try to find out in advance all the tools and mate- 
rials that will be required for the accomplish- 
ment of each step of the job. 

3. Make a reasonable allowance for waste 
when calculating the amount of materialyouwill 
need. If you are in charge of rebricking a boiler, 
for example, you must allow a certain amount 
for broken or damaged insulating block, insulat- 
ing brick, and firebrick. Although you don't 
want to end up with thousands of extra bricks, 
you also don't want to find, when the job is 
nearly done, that you are short bricks and can't 
finish the job until you obtain new supplies. 

MATERIAL AND COST ESTIMATIONS 

The material used for a specific job will 
normally be determined from specifications or 
plans. If the material is not specified, the boiler 
shop supervisor decides what is needed and se- 
lects the material. This decision should be 
based on the purpose of the structure or object, 
and the conditions that it will meet in service. 

There are several ways to estimate the 
amount of material needed for a given job. The 
best way depends largely upon the nature of the 
job. If you have previous records of the same or 
similar repair jobs, you may be able to estimate 
the amount of material by checking the earlier 
records. In many instances, you can get a good 
idea of the material needed by consulting the 
appropriate blueprints or drawings. 

In repairing brickwork or in performing 
other jobs where it is reasonably simple to 
measure the area involved, the easiest way to 
figure material requirements may be to meas- 
ure the area to be covered and then to divide 
this area by the area of one of the pieces to be 
used-assuming, of course, that the pieces are 
all the same size. Suppose, for example, that 
you are required to replace insulation in a cer- 
tain area. You measure the area and find that it 
is 12 square feet. The insulating material you 
are going to use is 36 inches by 6 inches. (The 
thickness doesn't matter, because it will not 
form part of the surface area.) First you must 
change the 12 square feet to square inches. Since 
1 square foot equals 144 square inches, 12 
square feet equals 12 x 144 or 1728 square 
inches. The area of each piece of insulating ma- 
terial is 36 x 6 or 216 square inches. To find 
out how many pieces of 36 x 6 inch insulating 



material you will need, divide the TOTAL area 
(1728 square inches) by the area of one piece 
(216 square inches). When you work this out, 
you'll find that you need eight pieces of the in- 
sulating material. Additional material will be 
required if it is necessary to allow for matching 
or fitting pieces, for breakage or damage of the 
material, or for other special requirements. 

Now that you have the amount of insulating 
material that is required to do the job, it's only 
a matter of checking the cost per unit of the new 
material needed in order to estimate the total 
cost of the job. 

SUPERVISING SHOP WORK 

One of the most important duties of a First 
Class or Chief Boilermaker is that of supervis- 
ing the work in the boiler shop. The supervisor 
must instruct shop personnel concerning the 
different jobs which have to be done, he must 
check on the progress of the work and give ad- 
ditional advice or instructions when necessary, 
and he should check the completed job to see 
that it lias been done properly and in accordance 
with his instructions. 

After the supervisor of the boiler shop has 
obtained complete information on a new job, he 
must then decide who is to do the job. In order 
to make this decision, the supervisor must know 
what experience the men have had with different 
types of repair work. Whenever the workload 
permits, assign less qualified personnel to more 
experienced men for training purposes. 

Starting the Job 

The man who is going to make the repairs 
must be given detailed information on how the 
job is to be done. The shop supervisor should be 
careful to see that the man fully understands 
what he is going to do, so as to prevent any mis- 
takes due to misunderstanding of instructions. 
The amount of instruction depends upon the 
knowledge and experience of the man concerned. 
If he is an experienced man, it may be only nec- 
essary to give him the specifications forthe re- 
pairs. On the other hand, inexperienced men will 
need additional instructions for making the 
repairs. 

Men in the shop should be made to under- 
stand that they are free to ask questions if they 
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are in doubt about any details in doing their as- 
signed work. Men will ask questions when they 
see that it is to their advantage to do so. 

In addition to giving instructions on how a 
job is to be done, it is also advisable to give the 
men some information concerning the impor- 
tance of the job and the reasons for certain spec- 
ifications for the repairs. In general, men are 
interested in why a job is done and how it is 
done, and will usually turn out better work if 
they have a clear picture of the whole job. 

Checking the Progress of Work 

The assignment of a job is only the first 
step in processing a job through the shop. The 
supervisor of the shop must know his men. He 
should have a good idea of each man's skill, 
ability, and knowledge regarding the operation 
of all shop equipment and repair operations 
necessary to accomplish the work. The best way 
in which the shop supervisor can obtain this 
knowledge is to inspect the shop frequently and 
check the progress of the various jobs in the 
shop. In that way, the supervisor will have a 
good idea as to which jobs, or which men, will 
require the most checking or inspecting. 

When checking on the progress of work, 
the supervisor should be sure that the men are 
observing proper safety precautions in regard 
to themselves and the equipment that they are 
operating. In addition, the shop supervisor 
should note the quality of work being produced. 

In case of any doubt, the supervisor should 
check that the men understand his instructions 
and are doing the work correctly. If necessary, 
the supervisor should provide additional in- 
structions to give a better understanding of the 
job, or to improve workmanship. By frequently 
talking to the men and answering their ques- 
tions, the supervisor can prevent jobs from 
being spoiled, as might happen if he were not 
available to give the correct details on the jobs. 
The supervisor who has interest and confidence 
in his men and their work will find that men 
have confidence in him as a good shop super- 
visor. 

Checking on Completed Jobs 

When the job has been completed, the super- 
visor should inspect and approve each and every 



job before the job is released. The completed 
job order should show the man-hours, the ma- 
terial used, and a full description of the work 
accomplished. In addition, the necessary shop 
records and paperwork should be correct and up 
to date. When the job has been completed, the 
interested parties should be notified as soon as 
practicable. 

Before releasing a completed job, the super- 
visor should check to be certain that (1) the cor- 
rect job order is signed by a representative of 
the requesting activity, (2) the identification on 
the item and on the job order coincide, and (3) 
all manufacturers' technical manuals and blue- 
prints furnished with the job order are returned. 

TRAINING SHOP PERSONNEL 

The first impression formed by a new man 
in the shop will be a lasting one. If the petty 
officer in charge of a shop has a well -planned 
program for introducing new men to the work 
in the shop, he has taken a most constructive 
step towards building high morale. One of the 
best stimulants for the development of high 
morale among new men is to have them realize 
that their boss appreciates their feeling of 
strangeness and is aware of their desire to make 
good. There is often a gap between the point at 
which a man is assigned and the time that he 
has developed into a satisfied worker. Proper 
introduction to the work, a well-planned train- 
ing program, and counseling when necessary 
will turn the ill- at- ease man into a confident 
and interested worker. 

The shop supervisor will find it a profit- 
able procedure to review with each new man 
such matters as the mission of the ship and how 
the shop fits into the overall picture, the man' s 
rate, duties, drills, liberty and leave policy, and 
what is expected of him as an individual. The 
supervisor should be sincerely interested not 
only with getting acquainted with the man but 
in being sympathetic with the problems that may 
arise in getting settled. The initial contact should 
be primarily to win the man* s confidence. The 
supervisor may later turn the man over to a 
qualified petty officer who is capable of com- 
pleting the introduction process and the early 
training that is necessary. Usually, consider- 
able information can be given to the new man 
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by an experienced petty officer selected by the 
supervisor to complete the introduction period. 

In carrying out his responsibility for in- 
troducing the new worker to the job, the super- 
visor must do a certain amount of planning if 
the instructions necessary for the proper in- 
doctrination of the new worker are to be carried 
out effectively. 

At this point, it may be well to indicate one 
fundamental difference between the work of a 
supervisor and that of his men. The men work 
with machines and materials, while the super- 
visor works through people to produce the de- 
sired results with the machine and materials. 
The machines may be operating perfectly and 
the materials may be of the best quality, but 
unless the men who handle them are properly 
instructed, adjust to their work, and cognizant 
of their place in the organization and of the pol- 
icies of the department, they will not be satis- 
fied workers. The supervisor is responsible 
for developing high morale in his shop. 

The first step in this process is attained by 
properly indoctrinating each new man at the 



time of his entrance into the work area. There 
are three general areas of indoctrination. 

1. Those dealing with facts, such as the 
shipboard rules and regulations. 

2. Those dealing with the men's attitudes 
or feelings, their confidence in the organization, 
pride in the job, and respect for their fellow 
workers. 

3. Those dealing with skills, safe working 
habits, and quality of work. 

To aid in developing men for greater re- 
sponsibilities is everyone's job. Each person 
not only must be receptive to that which helps 
to develop himself, but must also help to de- 
velop those who assist him in his work. How- 
ever, the petty officer in charge of a shop has 
the direct responsibility of seeing that all his 
subordinate petty officers understand their 
work and its relation to the function of the shop 
so well that they automatically teach those who 
assist them. 
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MAINTENANCE AND MATERIAL MANAGEMENT 



Maintenance of ships can be divided into two 
broad categories: preventive maintenance and 
corrective maintenance. Preventive mainte- 
nance consists of routine procedures designed 
to increase the effective life of equipment or 
forewarn of impending troubles. Corrective 
maintenance includes procedures designed to 
analyze and correct equipment defects and 
troubles. The main objective of preventive 
maintenance is the prevention of breakdown, 
deterioration, and malfunction of equipment. 
If, however, this objective is not reached, the 
alternative objective of repairing or replacing 
failed equipment-corrective maintenance— must 
be accomplished. 

All maintenance can be classified accord- 
ing to level, based on where it is accomplished. 
The two levels of accomplishment that concern 
you as a shop supervisor are organizational 
(ships) and intermediate (repair ships and 
tenders) levels. A third level of maintenance is 
"depot" (shipyards, Navy and civilian); this 
level is not discussed in this chapter. The term 
organizational level maintenance applies to those 
maintenance functions normally performedby an 
operating ship on a day-to-day basis in support 
of its own operations. Maintenance performed 
by departments other than the repair department 
of a repair ship or tender is consideredto be at 
the organization level. When you perform pre- 
ventive or corrective maintenance on a piece of 
shop equipment, it is considered organizational 
level maintenance. Organizational level work 
generally includes: (1) preventive maintenance, 
(2) corrective maintenance, (3) applicable ships 
alterations, field changes, and other equipment 
modifications, and (4) recordkeeping and re- 
porting peculiar to organizational level mainte- 
nance. 



The term intermediate maintenance applies 
to those maintenance functions normally per- 
formed by repair ships and tenders in com- 
pliance with a work request. The primary pur- 
pose of the intermediate level maintenance ac- 
tivity is to support and supplement the work 
performed at the organizational level. Inter- 
mediate maintenance generally includes: (1) 
repair and test of equipment requiring skills 
and/or equipment not available at the organiza- 
tional level, (2) ship alterations and field changes 
beyond the capability of the organizational level, 
and (3) recordkeeping and reporting peculiar 
to intermediate level maintenance. 

The Boiler Shop preventive maintenance 
programs in the past have varied from one com- 
mand to another, resulting in various degrees 
of operational readiness. A relatively new uni- 
form system of scheduling, recording, report- 
ing, and managing ship maintenance is now in 
use. This system is called the Navy Maintenance 
and Material Management (3-M) System; and it 
is designed to upgrade the operational readiness 
of ships. 

The 3-M System is not to be considered a 
"cure-air for all equipment and maintenance 
problems. The system does, however, provide 
a logical, efficient approach to these problems 
by launching a forthright attack on electrical, 
mechanical, and electronic disorders. The sys- 
tem also produces a large reservoir of knowl- 
edge about equipment disorders, which, when 
fed back to the appropriate sources, should re- 
sult in corrective steps to prevent recurrences. 

The 3-M System consists primarily of a 
Planned Maintenance Subsystem (PMS) which 
provides a uniform system of planned, preven- 
tive maintenance; and a Maintenance Data Col- 
lection Subsystem (MDCS) which provides a 
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means of collecting necessary maintenance and 
supply data, suitable for rapid machine process- 
ing. A Manhour Accounting System, also called 
Exception Time Accounting (ETA), is installed 
in the repair department of repair type ships in 
conjunction with the MDCS. In addition to the 
above, Material Control-control of materials 
required in direct support of maintenance actions 
accomplished under the 3-M System-may be 
installed. 

The 3-M System, like any other system or 
program, is only as good as the personnel who 
make it work. Your role in the system as a 
POl or CPO will include the training of lower 
rated personnel in its use, as well as the sched- 
uling and supervision of maintenance. General 
information concerning all aspects of the sys- 
tem is included in this chapter but as a leading 
petty officer, you should keep abreast of new 
developments and changes to the system. De- 
tails on the system and changes related to it 
are available in the Maintenance and Material 
Management (3-M) Manual , OPNAV 43P2 (re- 
vised). Other sources of information include 
OPNAV Instruction 4700.16 (revised), the Naval 
Ship Systems Command Technical News , and 
directives issued by type commanders. 

SCHEDULING OF PLANNED MAINTENANCE 

The planning and scheduling of planned 
maintenance is accomplished through the 
Planned Maintenance Subsystem (PMS). In ad- 
dition, the PMS defines the minimum preven- 
tive maintenance required, controls its per- 
formance, describes the methods and tools to 
be used, and aids in the prevention and detec- 
tion of impending casualties. These factors 
should prove to be a definite asset to the leading 
petty officer in forecasting future material re- 
quirements and in the proper utilization of 
available manpower. 

In establishing the minimum planned main- 
tenance requirements for each piece of equip- 
ment, the Naval Ships Technical Manual , manu- 
facturers 1 technical manuals, and applicable 
drawings are critically examined. If the pre- 
ventive maintenance requirements are found to 
be unrealistic or unclear, they are modified or 
revised before being incorporated into the PMS. 

It is possible that the planned maintenance 
prescribed in the PMS may conflict with that 



prescribed in other documents such as the Naval 
Ships Technical Manual , Should this happen, 
the PMS supersedes and takes precedence over 
any and all documentation that may be in con- 
flict with it. All tests, inspections, and planned 
maintenance actions should ultimately be incor- 
porated in the PMS. 

The Planned Maintenance Subsystem is 
based upon the proper utilization of Planned 
Maintenance System Manuals, Maintenance Re- 
quirement Cards (MRCs), and schedules for the 
accomplishment of planned maintenance actions. 

THE PLANNED MAINTENANCE 
SUBSYSTEM MANUAL 

The Planned Maintenance Subsystem Man- 
ual contains the minimum planned maintenance 
requirements for each component installed for 
a particular shipboard department. A separate 
PMS Manual is furnished for each department. 
This manual is retained by the department head 
and used in scheduling maintenance tasks. Ap- 
plicable portions of the manual are made up 
for each maintenance group and are located in 
the work spaces for use by the leading petty 
officers in preparing their weekly schedule. The 
manuals are individually compiled for each ship, 
thereby assuring a tailored system. The manual 
consists of a list of effective pages showing the 
equipment covered by this system; Maintenance 
Index Pages summarizing all the planned main- 
tenance prescribed for each piece of equipment 
along with the rates and time required to accom- 
plish these tasks and any related maintenance 
that can be accomplished concurrently; and a 
listing of equipment for which no maintenance 
is required. In addition, the Maintenance Index 
Pages (MIPs) list the frequency of performance. 

The frequency Code is: 
D-Daily 
W-Weekly 
M-Monthly 
Q-Quarterly 
S- Semiannually 
A-Annually 

C-Once each overhaul cycle 
R-5ituation requirement (e.g. 100 hours of 
operation) 

A sample Maintenance Index Page is il- 
lustrated in Boilerman3 & 2,NavPers 10535-E. 
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The manpower available will vary from one 
ship to another; therefore, the information 
found on the MIPs regarding rates recommended 
to perform a maintenance task and the average 
time required for the task requires certain 
clarification. The maintenance tasks are actually 
performed by personnel available and capable, 
regardless of what rating is listed on the MIP. 
The average time required, as listed on the 
MIP, does not take into account the time re- 
quired to assemble the tools and materials to do 
the maintenance action nor the time required to 
clean the area and put away the tools at the end 
of the task. 

That portion of the PMS Manual which con- 
tains the Maintenance Index Pages applicable to 
the equipment under a specific division or main- 
tenance group is called the Group Maintenance 
Manual. A copy of the Group Maintenance Man- 
ual, in addition to the one in the departmental 
PMS Manual, is kept in each working space as 
a ready reference to maintenance personnel. 

CYCLE SCHEDULE 

Through the use of a cycle schedule (Fig. 
3-1) the Planned Maintenance Subsystem is de- 
signed to simplify the scheduling of planned 
maintenance. The flexibility of the system will 
become obvious as we go along. Notice that the 
cycle schedule depicted prescribes the quarter 
in which the maintenance task is to be accom- 
plished as opposed to specifying a specific month, 
week, or day. All required planned maintenance 
actions are programmed throughout the overhaul 
cycle of a ship. It then becomes apparent that 
the system is flexible enough to readily accom- 
modate any changes in a ship* s employment 
schedule. 

The cycle schedule contains a list of the 
components for each division or maintenance 
group and indicates the quarter after over- 
haul in which the semiannual, annual, and over- 
haul cycle maintenance requirements are to be 
scheduled. The cycle schedule also lists the 
quarterly, monthly, and situation require - 
ments that must be scheduled every quarter. 
The department head, in conjunction with di- 
vision officers and leading petty officers, 
uses the cycle schedule in making out the quar- 
terly schedule. 



QUARTERLY SCHEDULE 

The quarterly schedule (fig. 3-2) is a visual 
display consisting of two identical quarterly 
schedule forms, one for the current quarter 
(October, November, and December) and one 
for the subsequent quarter (not shown). The cycle 
schedule and both quarterly schedule forms are 
contained in the same display holder, and cor- 
respond line for line. The entire display is called 
the Maintenance Control Board. The Maintenance 
Control Board is usually mounted outside the 
department head's office or division space desig- 
nated by the repair officer. 

The quarterly schedule has thirteen col- 
umns, one for each week in the quarter, for the 
scheduling of maintenance throughout the 3- 
month period. Each of the weeks is divided into 
days by tick marks (see fig. 3-2) to depict 
more accurately the operating schedule, thus 
allowing maintenance requirements to be sched- 
uled in conjunction with ship operations. 

A suggested procedure for the preparation 
of a quarterly planned maintenance schedule is 
to first black out the dates which the ship is 
expected to be underway during the quarter, 
then with the aid of the cycle schedule and the 
PMS Manual, fill out the quarterly schedule 
accordingly. Monthly planned maintenance re- 
quirements should be scheduled at approximately 
the same time each month and other planned 
maintenance actions should be scheduled at equal 
intervals insofar as practical. After the quar- 
terly schedule is completely filled in, it is a 
good practice to look it over closely to see if the 
work load is balanced throughout the quarter. If 
there appears to be less work scheduled during 
one week of the quarter than the others, some of 
the maintenance requirements should be re- 
scheduled to balance the work load throughout 
the quarter. 

The quarterly schedule is updated weekly. 
The leading petty officer of the division or main- 
tenance group will cross out all maintenance re - 
quirements which have been accomplished and 
will circle all requirements which have not been 
accomplished. All circled requirements are re- 
scheduled by drawing an arrow to a later week 
as indicated in figure 3-2. 

The quarterly schedule is kept on board as 
a record of all completed maintenance actions. 
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This record may be destroyed at the beginning 
of the second quarter following the next shipyard 
overhaul period. 

WEEKLY SCHEDULE 

The quarterly schedule is also used by the 
leading petty officer of each division or mainte- 
nance group to prepare a weekly planned main- 
tenance schedule (fig. 3-3). The weekly sched- 
ule is posted in each working space and is used 
by the leading petty officer to assign specific 
maintenance tasks to specific personnel. 

The weekly schedule provides a list of the 
components, the appropriate page number of the 



Planned Maintenance System Manual, and spaces 
for the assignment of maintenance tasks to speci - 
fic personnel. The daily and weekly planned 
maintenance actions arepreprintedontheweekly 
schedule forms. All other planned maintenance 
requirements which are to be performed during 
a specific week are obtained from the current 
quarterly schedule. 

THE MAINTENANCE 
REQUIREMENT CARD 

The Maintenance Requirement Card defines 
a planned maintenance task in sufficient detail 
so that assigned personnel can perform the task 
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with little difficulty. Each Maintenance Require- 
ment Card lists the rate of personnel recom- 
mended to perform that particular task; the 
safety precautions that must be observed; the 
time, tools, parts, and materials required for 
the task; and the detailed procedures for per- 
forming the task. A complete set of applicable 
Maintenance Requirement Cards is maintained 
in each working space with the Group Mainte- 
nance Manual. A master set of all Maintenance 
Requirement Cards is kept on file in the depart- 
mental office. If a card is lost, or if it becomes 
torn or soiled, it can be replaced by typing a 
duplicate card from the master set or by order- 
ing one through the proper channels. 

The Maintenance Requirement Card is one 
of the primary tools of the PMS to be used by 
the personnel actually performing maintenance 
tasks. The Maintenance Requirement Cards are 
illustrated in Boilerman 3 & 2, NavPers 10535- E. 

FEEDBACK REPORT 

To keep the system dynamic and current, a 
PMS Feedback Report, OPNAV 4700-7, has been 
developed. It is a multicopy form, carbon inter- 
leaved with instructions for its use on the back 
of the last copy. Figure 3-4 shows sheet 1 of the 
report. Through this media, shipboard personnel 
can express any comments they have relative to 
the system or request Maintenance Requirement 
Cards for new or modified equipment. If a dis- 
crepancy exists in the system as installed aboard 
your ship, a feedback report should be originated 
immediately by the person who discovers the 
discrepancy. .Prior to being forwarded, a feed- 
back report should be checked for completeness 
and accuracy by the leading petty officer of the 
division. 

MAINTENANCE DATA 
COLLECTION SUBSYSTEM 

The Maintenance Data Collection Subsystem 
(MDCS) is designed to provide a means of re- 
cording information concerning planned and cor- 
rective maintenance actions. Maintenance per- 
formed is recorded by code in detail sufficient 
to permit retrieval of a great variety of infor- 
mation concerning maintenance actions and the 
performance of equipment involved. The system 
also provides data concerning the initial dis- 



40.101 

Figure 3-4— Planned maintenance system 
feedback report. 

covery of the malfunctioning, how the equipment 
malfunctions, how many manhours were ex- 
pended, what equipment was involved, what re- 
pair parts and materials were used, what delays 
were incurred, the reasons for delay, and the 
technical specialty or rating that performed the 
maintenance. The codes used for recording per- 
mit machine processing with automatic data 
processing (ADP) equipment. Each maintenance 
action is reported in this manner, except for 
routine preservation actions (chipping, painting, 
and cleaning) and daily or weekly PMS actions. 

MDCS TERMINOLOGY 

The effectiveness of the MDCS depends ini- 
tially upon the individual performing the main- 
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tenance action and the accuracy with which it is 
reported. Supervisors are responsible for en- 
suring that all forms used in connection with the 
MDCS are complete and accurate and that a form 
is submitted for each applicable action. Even so, 
it is essential that all personnel having any re- 
sponsibility for a maintenance action have a 
knowledge of the codes and their sources and of 
related terminology used in connection with the 
MDCS. The following definitions apply to codes 
and terms used in connection with the system. 

Action taken code . A single-letter code 
which identifies what maintenance action was 
performed on the equipment. 

AEL number . An allowance equipage listing 
(AEL) number identifies an equipage allowance 
list for a ship. This number can be found in the 
Coordinated Shipboard Allowance List (COSAL). 

Alteration identification number . A letter/ 
number combination having a maximum of 13 
characters which identifies a systems command 
assigned authorized alteration. 

AN number . An Army /Navy (AN) number 
designation which identifies equipment in the 
electronics area by means of a letter/number 
code. 

APL number . An allowance parts list (APL) 
number has 8 to 11 digits and identifies the parts 
list of an equipment or component. This number 
is found in the Coordinated Shipboard Allowance 
List (COSAL) and corresponds to the component 
identification (CID) number of the equipment/ 
component. Example: 55376101 (AN/GRC-27) 

CID number . A component identification 
(CID) number has 8 to 11 digits and identifies 
an equipment or component. CID numbers are 
found in the Coordinated Shipboard Allowance 
List (COSAL). 

COG symbol . A cognizance (COG) symbol is 
a letter/number code prefixed to a federal stock 
number to identify the supply account in which 
an item of supply is carried and the inventory 
manager of the item. Examples: 1H, 9Z, 2N. 

Component . The lowest subassembly, above 
the part level, located within an equipment. 

Data element . Information that is recorded 
in coded form on a maintenance data collection 
form. 

Deferred code . A one -letter code (includes 
action taken codes H, J, and K) indicating that 
a maintenance action has been delayed due to 



ship operations, lack of parts, or a need for 
outside assistance. 

Equipment identification code (EIC) . A 
seven-digit letter/number combination which 
identifies the smallest desired breakdown of an 
equipment or unit. 

Equipment operating hours/time. A five- 
digit number reading (to the nearest hour) from 
an installed meter, which represents the equip- 
ment operating hours at the time of the mal- 
function. These hours will be documented only 
on specific equipments selected by the cognizant 
systems command. 

Federal stock number . A federal stock num- 
ber (FSN) is an 11-digit number which identifies 
an item of supply. Example: 5935-793-9166 
(Connector). 

How malfunctioned code . A three-digit num- 
ber used to provide a description of the trouble 
on or in the equipment or component. 

Maintenance control number , A four -digit 
number sequence assigned at the ship level. 
This number, with the unit identification code, 
is used to tie together all documents submitted 
on a specific job. By use of the maintenance 
control number, data processing equipment can 
list all of the maintenance actions and parts 
used on each job. This number will be assigned 
consecutively, beginning with 0001 and ending 
with 9999. On reaching 9999, the series will be 
started again with 0001. 

Maintenance Requirement Card (MRC) . A 
card used in the Planned Maintenance subsystem 
to define detailed procedures for performing 
planned maintenance tasks. 

Maintenance Requirement Card (MRC) num- 
ber . A unique code assigned to each MRC for 
identification which also indicates the periodicity 
of the planned maintenance action. 

Repair activity . An activity under the MDCS 
that expends manhours to accomplish or assist 
in accomplishing a specific maintenance action 
for another activity. For example, in addition to 
the usual AR, AD, AS activities, an aircraft 
carrier which rewound an electric motor for a 
destroyer would be a repair activity under this 
definition. 

Subassembly. Two or more parts which 
form a portion of an assembly or a unit replace- 
able as a whole, but having a part or parts 
which are individually replaceable. 
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Subsystem . A subsystem is a major func- 
tional part of a system, usually consisting of 
several components, that are essentially opera- 
tionally complete within the system. 

System . A system is a major, functional part 
of a weapon system or support system consist- 
ing of such other components, assemblies, sub- 
assemblies, and parts necessary to perform a 
specific function or functions. 

Lowest designated assembly (LDA) . The 
lowest designated assembly is the lowest as- 
sembly identified by the last three characters of 
the seven character EIC. 

Maintenance action . Any action taken to 
maintain equipment or material in, or restore 
it to, an operational condition. 

a. Corrective maintenance . Any main- 
tenance action or task required to restore an 
equipment to operational condition, within pre- 
determined limits or tolerance. 

b. Preventive maintenance . The sum of 
those actions performed on operational equip- 
ment that contribute to uninterrupted operation 
of equipment within design characteristics. 

Manhours . A number depicting, to the near- 
est tenth, the number of manhours expended to 
accomplish a maintenance action. 

Nonreporting repair activity . Any activity 
not under the Maintenance Data Collection Sys- 
tem that expends manhours to accomplish or 
assist in accomplishment of a specific main- 
tenance action. 

Not Repairable This Ship (NRTS) . A one- 
digit number action taken code used only by 
repair activities to show action on work re- 
quests. This code will indicate the reason the 
item was not repairable. 

Part number . A letter/number code as- 
signed by a manufacturer to identify a specific 
part. 

Quantity . The number of units or parts or 
material used to accomplish a specific mainte- 
nance action. 

Primary failed part . The primary failed 
part is that which, in the opinion of the main- 
tenance man, caused the equipment to fail. 

Active maintenance time . Active mainte- 
nance time is the elapsed clock time, in hours 
and tenths, that maintenance was actually being 
performed. 

Reference symbol. A symbol that identi- 
fies a specific part within an electrical cir- 



cuit. Used primarily in ordnance and elec- 
tronics. 

Repair activity unit identification code. A 
five -digit number used to identify a ship or ac- 
tivity performing repair for the requesting ship. 
This code is found in the Navy Comptroller 
Manual, Volume 2, Chapter 5. 

Service code . A one -letter code indicating 
the type of service the requesting activity will 
provide the repair activity to assist in accom- 
plishing the requested work. 

Source code . A letter/number code which 
identifies the source of parts or material used 
in a maintenance action. 

Statist i cal services . Services provided by a 
data collection center equipped with data proc- 
essing equipment and staffed with data process- 
ing and analysis personnel who formulate, re- 
view, and analyze reports. 

Type availability code . A one -letter code 
that identifies under what type of availability 
the repair activity will accomplish the requested 
maintenance action. 

Unit identification code (UIC) (formerly 
ship accounting number). A five -digit number 
used to identify a ship or activity. This code is 
found in the Navy Comptroller Manual, Volume 
2, Chapter 5. 

Unit of issue . A two -letter abbreviation of 
the standard measure or quantity in which an 
item of supply is issued for use. 

Unit price. The cost or price of an item of 
supply based on the unit of issue. 

Units. A maximum of two numbers indicat- 
ing the number of identical items on which 
maintenance was attempted or performed. 

When discovered code. A single -letter code 
which identifies when the malfunction of the 
equipment or component was discoverd. 

Work center code . A three-letter/number 
combination that identifies a department, rating, 
shop, or group. 

a. Work center. This code identifies 
the department, rating, shop, or group that has 
maintenance responsibility. 

b. Assisting work center. This code 
identifies the work center that assisted the 
work center having maintenance responsibility. 

c. Requesting work center. This code 
identifies the work center that requested or is 
requesting outside assistance. 
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Work center supervisor. The leading petty 
officer of a shop or group who is responsible for 
maintenance functions. 

EQUIPMENT IDENTIFICATION CODES 

The EIC Manual contains many of the codes 
used to report information related to mainte- 
nance actions. By use of the manual, a system, 
assembly, component, or even a part can be 
positively identified by a seven-digit letter/ 
number code; the use of codes eliminates 
ambiguous or vague descriptions or noun names. 
The EIC Manual is divided into sections, one for 
each of the major departments of a ship and one 
identified as miscellaneous. Each major system 
is coded and broken down to the lowest level 
needed to manage the equipment effectively. The 
EIC is very important, since it is the only data 
element that identifies the equipment, compo- 
nent, or part upon which the mainenance is per- 
formed. The manner in which the EIC is struc- 
tured and how it corresponds to the equipment is 
illustrated in the following example. 

NOOOOOO REPAIR SHOPS, SHIPBOARD TOOLS AND 

MISC. EQUIP. 
NC0OO0O WELDING EQUIPMENT 

NC01000 WELDING MACHINE 

NC01010 Welding Equipment, 500 AMP, 

Rectifier Type 
NC01020 Welding Machine, Engine 300 AMP 

NC01030 Welding Machine, Engine 400 AMP 

NC01040 Welding Equipment, 200 AMP, Motor 

Generator, Portable 
NC01050 Welding Equipment, 300 AMP, Motor 

Generator Type 
NC01060 Welding Equipment, 400 AMP, Motor 

Generator Type 
NC01070 Welding Equipment, 500 AMP, 

Voltage Rectifier Type 
NC01080 Seal Welding and Cutting 

NC01100 Welding Machine, Spot 40 KVA 

NC01110 Welding Machine, Spot, Portable 

NC01120 Welding Equipment, Inert Gas Set, 

Semi- Automatic 
NC01130 Welding Machine, ABC Transfer 

NC01140 Welding Equipment, 200 AMP, 

Rectifier Type 



NC01150 Welding Equipment, 300 AMP, 

Rectifier Type 
NC01160 Welding Equipment, 400 AMP, 

Rectifier Type 
NC02000 WELDING INSPECTION 

NC02010 Magnallux 

NC02020 Magnascope 

At this point, as you can see, the equip- 
ment is not broken down to its lowest level; as 
the need arises, changes in the EIC Manual may 
be made. 

In addition to the equipment identification 
codes, the EIC Manual contains other codes 
which are of equal importance and are used in 
the preparation of the forms when reporting 
maintenance actions. The following codes are 
included: 

Section II Administrative Organization 

Section III Work Center 

Section IV How Malfunctioned 

Section V When Discovered 

Section VI Action Taken 

Section VII Service 

Section VIII Source 

Section IX Type Availability 



Examples of administrative organization 
codes are as follows: 

TYPE SQUADRON DIVISION CODE 
S 06 0 (S060) SERVRON 6 
D 08 0 (D080) DESRON 8 
B 12 0 (B120)SUBRON 12 
D 32 0 (D320) DESRON 32 

Samples of codes found in other sections of 
the EIC Manual are shown in figure 3-5. 

These codes make possible the recording of 
a wide variety of information in a relatively 
small space and can be written in a minimum of 
time, once familiarity with the coding systems 
has been attained. At the data processing level, 
the codes permit use of ADP operations which 
provide pertinent direct reading information 
summaries to all administrative levels that can 
profitably employ such summaries. Represent- 
ative application of these codes on a standard 
form is shown in figure 3-8. 
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MDCS DOCUMENTATION 

Documentation in the MDCS is accomplished 
by the completion of one or more standard forms. 
The basic forms used to record mainteance ac- 
tions are: 

1. Shipboard Maintenance Action, OPNAV 
Form 4700-2B. 

2. Deferred Action, OPNAV Form 4700- 2D. 

3. Work Request, OPNAV Form 4700- 2C, 
Parts I and II. 

4. DOD Single Line Item Requisition Sys- 
tems Document, (Manual) DD Form 1348. 

Shipboard Maintenance Actions 

The Shipboard Maintenance Action, OPNAV 
Form 4700-2B, is a single-sheet document used 
to: 

1. Record all preventive maintenance ac- 
tions accomplished aboard ship. 

2. Record all corrective maintenance ac- 
tions accomplished aboard ship. 

3. Report work done aboard ship by any 
outside activity not under the MDCS. 

Deferred Maintenance Actions 

The Deferred Action, OPNAV Form 4700- 
2D, is a two-sheet form used to report correc- 
tive maintenance actions that are deferred be- 
cause of ship's operations, lack of repair parts, 
or the requirement for outside assistance. The 
first sheet is used to record the reason for de- 
ferral and the second sheet is used to report the 
completion of the deferred action. 

The Shipboard Maintenance Action, OPNAV 
Form 4700-2B and the Deferred Maintenance 
Action, OPNAV Form 4700- 2D are discussed 
and illustrated in Boilerman 3_ & _2, NavPers 
10535-E. 

Work Requests 

The Work Request, OPNAV Form 4700- 2C, 
is originated by ships and activities to request 
assistance from repair activities and for final 
documentation of action taken to complete the 
maintenance requested of the repair activity. 
(See fig. 3-6.) The form consists of four similar 



but not identical sheets separated by carbon 
paper. Part II of 4700-2C, a continuation of the 
basic form, is also afour-sheet form which pro- 
vides additional space for written descriptions, 
diagrams, and sketches. 

REQUESTING ACTIVITY ACTION.- The 
ship requesting assistance from a repair activity 
completes part of the work request as shown in 
figure 3-6. In block F, the requesting activity 
enters the noun name of the item identified in 
the EIC code block, and gives a brief descrip- 
tion of the malfunctions, discrepancy, and ac- 
tion taken. The CID/APL/AEL/AN number will 
be entered. If none are applicable, enter CID/ 
APL/AEL/AN-N/A. ("Overhaul/ "repair," and 
"repair as necessary* are not considered ade- 
quate under description of repairs required.) 

Sheet 1 of the work request is retained by 
the requesting activity; the sheet serves as a 
record of the requested work. Sheets 2, 3, and 
4 are designated chain of command. 

REPAIR ACTIVITY ACTION.- Sheets 2, 3, 
and 4 of the work request are received by the 
repair department of the repair activity. The 
form serves as the planning, estimating, sched- 
uling, and work order document. The coded data 
recorded on the form serves as the basis for 
mechanized maintenance reports required for 
adequate control and recording of the mainte- 
nance action. Action on OPNAV Form 4700-2C 
is initiated by the repair officer, the division 
officer, and data services. 

The repair officer makes apreliminary re- 
view of the work requests and, on the face 
value of the requests, screens them for problem 
areas and scheduling difficulties. Action can be 
initiated on those obvious problem areas in ad- 
vance of the availabilities. Repair office person- 
nel (ship superintendent, if assigned) assigns a 
lead work center for each work request by fill- 
ing in block 6 on sheet 2 (fig. 3-7), and detaches 
sheet 4 (fig. 3-8) of the work request for filing 
in a work booklet for the ship. Sheets 2 and 3 are 
forwarded to the division officer in charge of 
the assigned lead work center. 

The division officer that lias leadwork cen- 
ter responsibility, in conjunction with his shop 
supervisors and other affected division officers 
as necessary, uses the work request as a basis 
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Figure 3-6.— Work request, sheet 1. 
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for investigations, planning, scheduling, and es- 
timating. Detailed investigation of a work request 
will reveal that one of four cases will exist: 

Case I. The cognizant shop within the work 
center has the ability and the capacity to ac- 
complish the work requested. 

Case II. The shop has the ability and the 
capacity to accomplish the desired work in mod- 
ified form but not completely as requested. 

Case III. The shop does not have the ability 
or does not have the capacity to accomplish the 
desired work, or rejection is necessary for some 
other reason (NRTS, Not Repairable This Ship). 



Case IV. The ship cannot determine if the 
job can be accomplished without further inves- 
tigation. 

The flow of the work request in each case 
is shown in figure 3-9. 

If Case I exists, no further decision is nec- 
essary. The division officer enters the following 
information in the appropriate blocks on the work 
request, sheet 2 (fig. 3-7): 

1. Action taken code "X" (accepted) -block 
11. 

2. Manhour estimate to complete the job- 
block 13. 
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Figure 3-7.-Work request, sheet 2. 
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3. Scheduled start date-block 19. 

4. Assigned work center-block 6 (if the 
work requested is reassigned to an- 
other shop following investigation). 

5. Assisting work center, if assigned- 
block 7. Sheet 2 is then sent to data 
services and sheet 3 (fig. 3-10) is sent 
to the designated work center. 

If Case II exists and modification of the re- 
quest is recommended, the division officer pre- 
sents his recommendation for modification to 
the repair officer for approval. If approved, 
action taken code "W" (accepted in modified 
version) is entered in the action taken block 
and the work request returns to the normal 
flow pattern (see fig. 3-9, Case I.) If modifica- 
tion is not approved by the repair officer, Code 



"X" (accepted) is entered in the action taken 
block and the work request is returned to normal 
flow. 

If Case III exists and NRTS is recommended, 
the division officer presents his recommenda- 
tions to the repair officer. If the NRTS recom- 
mendation is rejected by the repair officer, code 
"W or code "X" (as appropriate) is entered in 
the action taken block and the work request is 
returned to the normal flow pattern. (See fig. 
3-9, Case I.) If the NRTS recommendation is 
accepted by the repair officer, the appropriate 
NRTS code from Section VI (see fig. 3-5) of 
the EIC Manual is entered in the action taken 
block. Sheet 3 is then retained in the repair of- 
fice for use by the repair officer at the ship 
arrival conference. Sheet 2 is forwarded to data 
services where the information is keypunched 
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Figure 3-10.— Work request, sheet 3. 
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and recorded in Maintenance Control Reports 
(MRC) 1 and 2. (These reports are described 
later.) 

After the information is extracted by data 
services for the Master Job Card, sheet 2 is 
forwarded to the division officer concerned for 
retention until after the ship arrival conference. 
After confirmation of the NRTS action at the ship 
arrival conference, sheet 3 is filed in the ship 
work booklet, replacing sheet 4 which is de- 
stroyed. Sheet 2 is returned to the requesting 
ship as confirmation of the NRTS action. 

If Case IV exists, code "V (will investigate 
further) is entered in block 11, sheet 2, of the 
work request. Blocks 13 and 19 are left blank. 
Sheet 2 is forwarded to data services, where 
the information is keypunched and recorded. 
After further investigation, the job will be either 
accepted or rejected. If accepted, action taken 
code "X* will replace action taken code tf V" on 
sheet 2 (which has been returned to the division 
officer from data services) and blocks 13 and 
19 are filled in. A large "V" is entered in the 
lower right hand corner of the document to in- 
dicate that this document must be corrected. 
The document is then returned to data services 
to be repunched. If further investigation reveals 
that the job cannot be accepted, code "V is re- 
placed by the applicable NRTS code. Blocks 13 
and 19 are left blank, and the procedure outlined 
in Case III is followed. 

Upon receiving sheet 2 from the division 
officer, data services prepares the Master Job 
Card and duplicate prepunched Work Supplement 
Cards (see fig. 3-11) in proportion to the esti- 
mated manhours of the job. The Master Job 
Card is used to produce the Maintenance Control 
Reports. The duplicate prepunched Work Supple- 
ment Cards are attached to the corresponding 
sheet 2 of the work request and returned to the 
division officer concerned. The division officer 
retains sheet 2 in his active work file and for- 
wards the prepunched Work Supplement Cards 
to the lead work center. 

The lead work center performs the job, re- 
cords the maintenance data on Work Supplement 
Cards, and records the material obtained outside 
of normal supply channels on the reverse side 
of the card. If more than one work day is re- 
quired to complete the action, or if assisting 
work centers are needed, the work center will 
utilize the additional Work Supplement Cards. 



The following applies to entries on the Work 
Supplement Card, OPNAV Form 4700-2F: 

Block 4. The date for which the card is 
submitted. 

Blocks 5, 9, 10. Filled in only if different 
than that shown on top line. 

Block 7. Assisting work center code when 
a shop has been requested to assist in the re- 
pair of a particular maintenance action. 

Block 11. The lead work center enters on 
the final card the action taken code that best 
fits the total maintenance action. 

Block 12. The lead work center enters the 
number of units completed on the final card. 

Block 13. Number of manhours, to the near- 
est tenth, expended on a job for a particular 
date. 

Ready for Pickup. Lead work center enters 
a check mark to indicate the requested item is 
ready for pickup. 

Delivered. The lead work center enters a 
check mark to indicate the requested mainte- 
nance has been accepted and approved by the 
requesting activity. 

Remarks. May be used to record any nec- 
essary information pertinent to the maintenance 
action, or to transmit information to data serv- 
ices concerning the processing procedures. 

Some examples of how the Work Supplement 
Card is used by a repair activity to report 
various types of actions are illustrated in fig- 
ure 3-11. The form shown in part A reflects 
that on 26 June 1969, work center 41A expended 4 
manhours on the maintenance action, but did not 
complete the repair. The work center completed 
the repair and the job was ready for pick up on 
27 June 1969, after expending an additional 11 
manhours, as indicated in part B. Part C shows 
that the repaired item was delivered 28 June 
1969. Part D shows how a lead work center (41A) 
requests an assisting work center (26A) to per- 
form a maintenance action. The job to be done is 
described under Remarks. Part E indicates that 
the maintenance requested (part D) documented 
4 manhours by the assisting work center (26A). 
Part F shows how work center 26A requested 
data services to produce five additional cards 
for the maintenance action. 

When a repair job is completed, sheet 3 of 
the work request is completed by the lead work 
center. (See figure 3-10.) It will be noted that 
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Figure 3- 11. -Examples of work supplement card. 
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Figure 3- 11. -Examples of work supplement card-Continued. 
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several entries are made on sheet 3 that do not 
appear on sheets 1, 2, and 4. The man perform- 
ing the maintenance in the lead work center signs 
sheet 3. An inspector from the requesting activity 
is contacted for final inspection and signs the 
work request. After obtaining the signature of 
the inspector, the lead work center supervisor 
forwards the completed work request (sheet 3) 
with the final work supplement card (4700- 2F) 
attached, to his division officer. The division 
officer or designated representative reviews the 
completed action, removes and destroys sheet 2 
from the active file, and forwards sheet 3 with 
the attached work supplement card to the repair 
office. The repair office files sheet 3 as a per- 
manent record in the ship work booklet, and de- 
stroys sheet 4. 

Note : Repair ships do not document equip- 
ment down (block E) and equipment time (block 
20) when working from a work request. The re- 
questing activity documents these entries on 
OPNAV Form 4700- 2D. 

Data services keypunches the complete infor- 
mation from the final Work Supplement Card, no- 
ting the completion of the work request, and proc- 
esses it into the Maintenance Control Reports. 

Material Usage and Cost Data 

Documentation of material usage and cost 
data on maintenance transactions requires the 
joint effort of the ship's supply and maintenance 
personnel. The form used to document material 
usage and cost data is determined by the action 
involved and the source of material. 

The reverse side of the OPNAV Form 4700- 
2 Series is used by maintenance personnel to re- 
port material obtained from outside normal sup- 
ply channels. Items to be reported include parts 
and material obtained from pre -expended ma- 
terial bins; items obtained by cannibalization or 
from salvage that can be identified by a part 
number or federal stock number; and consumable 
materials, such as lumber, sheet metal, andbar 
stock used for manufacture work. When there 
is doubt about reporting an item, it is reported. 
Information for the entries is generally avail- 
able to maintenance personnel. When required, 
supply personnel assist in obtaining information. 

The type of document used to record ma- 
terial usage and cost information of parts ob- 



tained through normal supply channels aboard 
ship is determined by the availability of auto- 
matic data processing equipment. NAVSANDA 
Form 1250, Single Line Item Consumption/ 
Management Document (Manual), is used to is- 
sue material internally on ships which do not 
have automated supply records. Ships with auto- 
mated supply records use DD Form 1348, DOD 
Single Line Item Requisition System Document 
(Manual). (See fig. 3-12.) 

The DD Form 1348 is completed and proc- 
essed by supply personnel, using certain in- 
formation provided by maintenance personnel. 
The type of information required of ship's force 
is shown in figure 3-12. The type of information 
required from repair departments is the same 
as for ship's force, except that information for 
block 0 (type availability) must be supplied. The 
flow of a DD Form 1348 for issue of material in 
direct support of maintenance is shown in fig- 
ure 3-13. 

Issues of materials which do not directly 
involve a maintenance action are not reported 
in the MDC system. 

Repair Activity Reports 

The reports described in this section are 
machine produced by data services for use in 
maintenance planning and control. 

MAINTENANCE CONTROL RE PORTS. -The 
Maintenance Control Report 1 (MCR1) is a ma- 
chine report produced from sheet 2 of OPNAV 
Form 4700-2C and any other 4700-2 series 
maintenance forms containing the same mainte- 
nance control number. This report is produced 
by maintenance control number, within ship, 
within repair activity work center. This report, 
normally produced twice weekly, is for the use 
of the repair officer, division officers, and work 
center supervisors. 

A portion of a sample MCR1 is shown in 
figure 3-14. The sample report displays, as of 
28 June 1969, the status of jobs requested by 
various ships, for which the Boiler Shop work 
center 41A, has primary responsibility. The 
numbers in parenthesis to the left of the SHIP 
column are for use only in presenting the fol- 
ing explanations of the report; these numbers 
do not appear on an actual report: 
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Figure 3-12.— DD Form 1348, maintenance data entries for repair departments on ships with 

mechanized supply records. 



L Line 1 indicates that USS Stormes (03860) 
Boilerman in the Engineering department (EBT) 
requested that one Soot Blower Element be 
straightened. The tender accepted the job (ac- 
tion taken "X") and estimated 20 hours wouldbe 
required for completion. Fifteen hours have been 
documented to this job, leaving 5 hours of back- 
log. 

2. Line 2 indicates that the tender estimated 
this job would require 24 hours; however, 34 
hours was required and documented to this job. 
This job was completed as indicated by entries 
in the FINAL ACTION column and the STATUS 
column. 



3. The overprint in line 4, STATUS column 
is an indication that the final disposition of the job 
has been completed. The reason for the over- 
print is that the job was originally accepted with 
modification (ACPTW/MOD), action taken code 
"W"; therefore, an entry is made in the STATUS 
column for both the initial and final action in this 
case. 

4. The double asterisk figures in lines 5 
and 9 indicate totals for the ship. Line 5 indi- 
cates that jobs for USS Stormes (03860) for 
which the boiler shop is responsible are esti- 
mated to require 66.0 hours; 69.0 hours have 
been documented, and a backlog of 7.0 hours 
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Figure 3-14.— Maintenance control report 1. 



remains. Note that the ship's unit identification 
code always changes after a double asterisk total. 

5. The triple asterisk total in line 10 indi- 
cates the total hours for all categories for work 
center 41A. The total jobs for the period of this 
report are estimated at 90.0 hours; 89.0 hours 
have been documented, and a backlog of 12.0 
hours exists. It should be noted that backlog and 
documented hours in most cases will not total 
estimated hours due to jobs requiring more or 
less hours than the estimate. 

The Maintenance Control Report 2 MCR2) 
is identical In format to MCR1 with the excep- 
tion that its major sort is by unit identification 
code vice work center code. This report, nor- 
mally produced once a week, is for the use of 
the repair officer, the ship's superintendent, if 
assigned, division officers, the squadron com- 
mander, and the ship concerned. 

PRODUCTION REPORT 1 (PR l).-ThePRl 
is prepared daily for work center supervisors 
and is used to check production and documenta- 
tion accuracy. The report displayed in fig- 
ure 3-15 is a PR 1 for work center 41A for 26 
June 1969. The numbers in parentheses at the 
extreme left are displayed only for ease in ex- 
plaining the report and do not appear on an ac- 
tual report. The column headings of the report 
are equivalent to the corresponding blocks of 
OPNAV 4700-2 forms. For example, column 5 



of PR 1 and block 5 on OPNAV 4700- 2 forms are 
for the equipment identification code. Explana- 
tions of various line entries on the report follow: 

L Line 1 indicates that work center 41A 
(column 6) loaned 3.5 hours (L/HR column) to 
work center 26A (column 7) charged to mainte- 
nance control number 0058 (column 3). 

2. On line 2, a single asterisk total is 
printed for column L/HR indicating a total of 3.5 
manhours is documented for maintenance con- 
trol number 0058 (column 3). 

3. The figure in line 3 under L/HR followed 
by a double asterisk indicates a total of all main- 
tenance actions documented for a particular ship 
(column 2). 

4. In line 5, the 15.0 manhours indicates 
the total manhours documented for the mainte- 
nance control number 0358 (column 3), and the 
15.0 manhours in line 6 indicates the total man- 
hours for the particular ship (column 2). A 
double asterisk in column 14 will always indi- 
cate a total for a ship. 

5. In line 7, the 0 in columns 11 and 12 in- 
dicates the job is incomplete. 

6. Line 25 indicates that work center 4 1A 
documented 49.5 hours (column 13 plus L/HR 
column) on 26 June 1969. Had there been entries 
under B/HR column, these hours would not be 
added or subtracted in determining hours docu- 
mented by work center 41 A. 



Ad 



BOILERMAKER 1 & C 





ECAHPIE ADOO 
























26069 




(1) 

(2) 


6 

4lA 


7 

26A 


1 

D320 


2 

03880 


3 

0058 


4 

26069 


B 5 

E ZA07020 


8 

04638 


9 

780 


10 

C 


11 

0 


12 

0 


13 


B/HKS 


L/HRS 14 
3.5 

3.5 * 


(3) 






























3.5 ♦* 


<*) 

f 5} 

w/ 


UlA 




P320 


043H 


0358 


26069 


E ZA03O2O 


04638 


116 


c 


0 


0 


15.0 
15.0 




41 


(6) 


























15.0 




M 


(7) 
(8) 


U1A 


26A 


R340 


03875 


0125 


26069 


E ZA0355O 


04638 


381 


E 


0 


0 






4.0 

4.0 * 


(9) 
(10) 
(11) 


klA 




R340 


03875 


087 


26069 


E ZA03^5O 


04638 


116 


C 


0 


0 


6.0 
6.0 
6.0 




* 

4.0»« *# 


(12) 
(13) 


klA 




D220 


04310 


0150 


26069 


E ZA0^62O 


04638 




r 


D 


2 
2 


3.0 
3.0 






(14) 
(15) 


klA 




D220 


04310 


0155 


26069 


F ZACttUUO 


04638 


XX 0 


n 

Lr 


Q 


3 
3 


2.0 
2.0 




* 


(16) 
























5 


5.0 




M 


\±( J 
(18) 


klA 


26A 


DP04 




0608 


26069 




O4638 


CY7A 




Q 


q 






2.0 

2!o * 


(19) 
(20) 


klA 


26a 


DF04 


01542 


0627 


26069 


E ZA03O20 


04638 


116 


c 


0 


c 






3.0 

3.0 * 


(a) 






























5.0 ** 


(22) 
(23) 


klA 


26A 


P320 


04507 


0309 


26069 


E ZA03^50 


04638 


116 


c 


D 


0 






11.0 

11.0 * 


(24) 






























11.0 ** 


(25) 
























5 


26.0 




23.5 *** 



Figure 3-15.— Production report 1. 
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PRODUCTION REPORT 2 (PR 2).-ThePR2 
is produced for each respective work center of 
a repair activity monthly, and is used by work 
center supervisors, the repair officer, andanal- 
y sis personnel for various maintenance and man- 
hours utilization applications. The report shown 
in figure 3-16 is a PR 2 for work center 41 A for 
the month of June 1969. 

The PR 2 contains the following information, 
reading columns left to right: 

PWC— The workcenterwithprimary respon- 
sibility for the accomplishment of the job. 

SHIP— The unit identification code of the ship 
for which the maintenance is performed. 



JCN-The type availability and maintenance 
control number under which the job is per- 
formed. 

SYS-The system and subsystem (first two 
characters of the EIC) code of the equipment 
worked on. 

U/C-The number of like items on which 
maintenance was performed. 

J/HRS— The total manhours documented 
against the JCN and SHIP listed. 

ASTG-The work center that assisted the 
PWC in accomplishing the maintenance action. 

B/HRS— The number of manhours of assist- 
ance the assisting work center provided. 

ASTD-The work center assisted by the 
PWC in accomplishing the maintenance action. 
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HX AMPLE ADOO PR 2 30069 

ASTG B/HRS ASTD L/KRS DOCS 
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klA 


01542 
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ZA 


24 


40.0 
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24 


40. 0** 


(3) 


KlA 


03649 
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ZA 


12 


30.0 


U) 


klA 


03649 
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ZA 


7 


30.0 


(5) 










19 




(6) 


hlA 


03870 


h'OOOl 


ZA 


6 


6.0 


(7) 










6 


6.0ft* 


(8) 


KlA 


03875 
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ZA 




20.0 
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03875 
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6.5 
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41A 
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1 
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20.0 
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Figure 3-16.— 1 

L/HRS— The number of manhours of assist- 
ance the PWC provided to the assisted work 
center in accomplishing a maintenance action. 

DOCS-The number of maintenance docu- 
ments submitted by the PWC during the period 
covered by the PR 2. 

The PR 2 is sorted by JCN within SHIP, 
within PWC. Note in lines 2, 5, 7, 12 etc., that 
a double asterisk total is printed each time the 
unit identification code changes. Line 8 indicates 
that work center 26A assisted 4 1A for 20. Oman- 
hours. Line 9 indicates that work center 41A 
assisted 26A for 6.5 manhours. To determine 
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duction report 2. 

total hours documented by work center 41 A, sub- 
tract the triple asterisk total under B/HRS col- 
umn (20.0) from the total under J/HRS column 
(245.0), which results in 225.0 manhours docu- 
mented by work center 41A for the month of 
June 1969. 

MANHOUR ACCOUNTING SYSTEM 

Used in conjunction with MDCS, the Manhour 
Accounting System is designed to provide local 
management with essential manhour utilization 
data that will promote the effectiveness of per- 
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sonnel distribution and assignment. The Man- 
hour Accounting System is based on the "excep- 
tion principle" wherein each deviation or 
exception from the normal working day is ac- 
counted for and reported. Exception Time Ac- 
counting (ETA) is a term used synonymously 
with Manhour Accounting System. The system is 
intended for use by repair type activities, or 
more specifically the department in which re- 
pair is the primary mission. Basically, ETA 
accounts for the normal 7-hour working day and 
for overtime beyond normal duty hours. A re- 
porting period is a calendar month. 



ETA involves the use of codes, the prepara- 
tion of a Master Roster Listing (fig. 3-17) and 
Master Roster Deck, the preparation and sub- 
mission of Daily Exception Cards (figs. 3-18 
through 3-34), and the presentation of manhour 
data in the form of Labor Utilization Reports 
(figs. 3-36 and 3-37). 

ETA CODES 

ETA codes identify work centers, grades of 
individuals, work assignments, and the cate- 
gories of manhour expenditures for each person 
reported in the system. 



EXAMPLE 
WC 


NAME 


GC 


LC 


AH 


klA 


HCMER F R 


002 


01 




klA 


JOHNS J A 


002 


01 




klA 


STEWARD M 0 


003 


01 




klA 


ADAMS H R 


003 


01 




klA 


WILSCN G G 


003 


01 




fcu 


JCNES A C 


005 


01 




iflA 


MARSHALL M 0 


005 


01 




UlA 


TAYLOR J B 


005 


01 




klA 


EVERINGTCN B 8 


005 


01 


1386 9* 


klA 


ANDERSON B A 


005 


10 




UlA 


HJTZ 0 B 


007 


10 




klA 


PORTER A W 


009 


10 


462 3* 


1848 12** 



Figure 3-17.-Master roster listing. 
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Figure 3-18.-Daily exception card, temporary labor code change. 



The work center codes listed in Section 111 
of the EIC Manual are used. These codes are 
entered in block A of the Daily Exception Card, 
OPNAV Form 4700- 2E (fig. 3-18). 

Grade codes are assigned to all personnel 
for E-l (code 001) through captain (019). These 
codes are entered in block C of the Daily Ex- 
ception Card. 

Labor codes are used to identify areas 
where manhours are being expended, and to 
what extent. Labor codes are divided into three 
major categories: productive, productive sup- 
port, and nonproductive. Labor subcodes are also 
used to enable the maintenance manager to iso- 
late areas where excessive manhours are being 
expended. Subcodes for the major labor code 
groupings are listed on the reverse side of the 
Daily Exception Card, (fig. 3-19). 

There is only one productive labor code- 
code 01, direct labor-and no subcodes. Direct 
labor is that directly expended on any equipment 
for which a work center is given maintenance, 
repair, or manufacture responsibility. Labor 
charged to this code includes the time spent on 
normal servicing and cleaning of equipment at 
the end of the job or work day. 

Productive support codes identify labor ex- 
pended that supports, directs, or controls the 
direct labor effort; frequently referred to as 



overhead. The codes are: code 10, maintenance 
administration and supervision; code 11, mate- 
rial control; and code 12, tender equipment 
work center maintenance. Subcodes usedin con- 
junction with productive support codes may be 
used to identify high manhour consumers when 
a finer breakdown is desired. Additional sub- 
codes may be added, if necessary, at the discre- 
tion of individual commands. 

Manhours expended in planning, coordinat- 
ing, directing, and controlling maintenance are 
charged to code 10, maintenance administration 
and supervision. See figure 3-19 for listing of 
subcodes. 

Charged to code 11, material control, are 
manhours expended in the operation or mainte- 
nance of tool cribs and bench or pre -issue 
stockrooms; preparation of requisitions; con- 
trol of inventory; and receiving, crating or un- 
crating supplies, including transportation and 
vehicle driving to pick up or deliver. No sub- 
codes are prescribed for this code; subcodes 
may be adopted, however, when a breakdown of 
the code is desired. 

Manhours expended maintaining department 
equipment and work centers are charged to code 
12, tender equipment/work center. This cate- 
gory includes manhours expended performing 
daily and weekly PMSor preventive maintenance 
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LABOR SUB-CODES 



PRODUCTIVE SUPPORT 

10. 1 Wort Cen«e< Super mio* 

10.2 WorWood Ptenotng/Contro* 
10 3 Clerrcol 

104 Drof1m<j 

0 3 Anoijr>u 

10 6 Montenince TechntcoJ Troinmo, 

12 I Ship Cq«'pnven1 Mai«1enoi>c« 

12 2 Reoa.f /W'sopoo't Depl Equip Moid 

12 3 Repair /Weapon's F qtup Cieoning 8 
Preservation 

DELAYS 

201 Awaiting Work 

202 Awaiting PoMs /Material 
SU5 Awa.Ting T onspor tattoo 
204 Awa-tmg Atv stance 

20.3 Increment Wto.'^r 

DUTY ABSCHCE 
21 I 



21.2 Department Wotcn 

21.3 Sh>p/B«e Wotct 

21.4 Condition Watch 

21.5 Military Training 

21.6 TAO 

21.7 Mew Coofcs/Compt. Cleoiers 

21 8 Vehicle/Boat Operations 
21.9 Personnel /Zone Inspection 

NOW-OUTY ABSENCE 

22.1 Medical Absence 

22.2 Personcl Affairs 

22.3 Leovt 

22.4 Spectol Liberty 

22 5 Unauthorized Absence 

226 Confinement 

227 Non Judicial Punishment 



Ouorters for Mustev/Speool Sea 

Oatait 
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Figure 3-19.-Daily exception card, (reverse side). 



checks, equipment cleaning, servicing, preser- 
vation, cleaning and preservation of work center. 
Corrective or planned maintenance (except daily 
and weekly checks) are documented as code 01 
labor. 

Actions which do not contribute to or sup- 
port the accomplishment of the maintenance 
mission are referred to as nonproductive labor. 
Nonproductive codes are: code 20, delays; code 
21, duty absence; and code 22, nonduty absence. 
See figure 3-19 for listing of nonproductive 
subcodes. 

MASTER ROSTER LISTING 

The manhours assigned to a work center for 
any given reporting period are established by 
use of the Master Roster Listing (fig. 3-17) in 
conjunction with the Master Roster Deck. 

Each work center prepares an initial roster 
of assigned personnel, listing work center (WC) 
code, name, grade code (GC) and assigned labor 
code, name, grade code (GC),and assigned labor 
screened for completeness and accuracy and 
then forwarded to data services. Data services 
prepares a Master Roster Card Deck from the 
information contained in the listing. From this 



deck, data services provides each work center 
with a Master Roster Listing. 

Each work center supervisor verifies the 
completeness and accuracy of the listing. Cor- 
rections are made by drawing a red line through 
the entry in error and inserting correct informa- 
tion above the incorrect item. The roster is re- 
submitted to data services and the Master Roster 
Deck of cards is corrected, if necessary. This 
action is also taken at the end of each reporting 
period. 

Assigned manhours (AH) appears on each 
Master Roster, except the initial roster. As- 
signed manhours are computed by multiplying 
the total number of men under each code by the 
number of hours in a working day (7 hours per 
day) excluding Saturday, Sunday, and holidays, 
and then multiplying this by the number of work- 
ing days in the reporting period (22 working 
days). On the "Master Roster Listing", shown 
in figure 3-17, for example, there are 9 men 
(single asterisk) listed as code 01, 3 men listed 
under code 10 (single asterisk), and an overall 
total of 12 men (double asterisk) assigned to 
shop 41A. This represents a total of 1848 man- 
hours for a one month reporting period (22 
working days). 
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DAILY EXCEPTION CARD 
OPNAV FORM 4700- 2E 

After the cards in the Master Deck are ver- 
ified, data services provides 25 Daily Exception 
Cards for each individual on the roster. The 
prepunched and machine printed cards reflect 
each individual's work center code, name, grade 
code, and assigned labor code. (See fig. 3-18.) 
A card is prepared at the time a person "excepts" 
from the normal work routine and is completed 
at the end of the exception. Only exceptions in 
excess of 20 minutes (0.3 hr) require the use of 
a card. When the exception is longer than the 
scheduled work shift, the card is completed at the 
end of the shift and another card is prepared for 
the remainder of the exception as an overtime 
card. The most frequent exceptions occur when: 

1. A person is assigned to, or transferred 
from, a work center. 

2. A person performs work other than that 
covered by his regularly assigned labor code. 

3. A person is absent from his work center 
for duties such as ship duties, leave, sick call, 
or special liberty. 

4. A person works temporarily in a work 
center other than the one to which assigned, 
except a card is not submitted for an individual 
who is assigned labor code 01 when the labor is 
performed in a work center other than his own 
during regular working hours. Such productive 



labor is recorded and reported in MDCS, but 
an overtime card is submitted by 01 labor code 
personnel to account for work performed be- 
yond normal working hours. 

5. A person works more hours than the 
normal working hours in a single day, or when 
he works on what is normally considered non- 
work days. 

Various types of exceptions are described 
briefly in the following paragraphs. A sample 
card is shown for each exception described. 

Temporary Labor Code Change-this type of 
exception will be submitted whenever manhours 
for an individual are charged to his own work 
center, but to a labor code other than that to 
which he is assigned. This is the most frequent 
kind of exception reporting. See figure 3-18. 

Overtime Work— in Assigned Work Center- 
this type of exception card will be submitted 
every time a person works at his normal job 
more than the scheduled hours during any one 
day, or when he works on a Saturday, Sunday, or 
a holiday. It also applies to a person assigned 
to Labor Code 01 when working overtime in a 
work center other than his own Labor Code 01. 
See figure 3-20. 

Overtime Work-Plus Labor Code Change- 
this type of exception card will be submitted 
when a person works overtime in his own work 
center at a job other than his assigned labor 
code. See figure 3-21. 
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Figure 3-20.-Overtime work in assigned 
work center. 
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Figure 3-21. -Overtime work-plus 
labor code change. 
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Overtime Work-Outside of Assigned Work 
Center, Same Labor Code-this type of exception 
card will be submitted for personnel by the 
loaning work center when a person works over- 
time in his assigned labor code but for another 
work center in the repair department. If an in- 
dividual with an 01 labor code works overtime 
in another work center in maintenance, he must 
submit an exception card to account for overtime 
while his direct labor will be recorded through 
the Maintenance Data Collection System. See 
figure 3-22. NOTE: If an individual works over- 
time in a nonreporting work center, he will not 
show this time as a short-term loan but will 
show a labor transaction within his own work 
center. 

Overtime Work— Outside of Assigned Work 
Center, Labor Code Change-this type of excep- 
tion card will be submitted as a short-term loan 
if the overtime is performed for a reporting 
work center. If the overtime is performed for a 
nonreporting work center, the change of labor 
code will identify the labor transaction and will 
not be considered a short-term loan. See figure 
3-23. 

Loaned Labor-No Labor Code Change-a 
card for this type of exception will be submitted 
by the loaning work center whenever a person, 
other than those assigned labor code 01, is 
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Figure 3-23. -Overtime work— outside assigned 
work center, labor code change. 

loaned to another work center during normal 
working hours to perform work in his assigned 
labor code. See figure 3-24. 

Loaned Labor- Labor Code Change-this type 
of exception card will be submitted by the loan- 
ing work center whenever a person is loaned to 
another reporting work center for duties other 
than those covered by his assigned labor code. 
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HOURS OF CHANGE 

2 o 

HOURS TENTHS 



PROOUCTIVE QRECT 



I I 01 DIRECT LABOR 



PR3DUCTIVE SUPPORT 



MAINTENANCE AOMIN. 

SUPERVISION 



| | 11 MATERIAL CONTROL 

□ 1 

□ . 



17.81E 

Figure 3 -22. -Overtime work-outside of as- 
signed work center, same labor code. 
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Figure 3 -24. -Loaned labor-no labor change. 
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If the manhours are for a nonreporting work 
center, the change of labor code will identify the 
transaction and will not be considered a short- 
term loan. See figure 3-25. 
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Figure 3 -25. -Loaned labor— labor code change. 

Revision Card-this type of exception card 
will be submitted only when Blocks B and C on 
the prepunched card is incorrect, such as a 
misspelled name or incorrect grade code. The 
word "Revision" will be entered as shown in ex- 
ample. See figure 3-26. If Blocks A or D are 



incorrect, the correction must be made by using 
transferred or assigned procedures. 

Transferred Card-this type of exception 
card will be submitted when a person is trans- 
ferred from a labor code, from a work center, 
or from a combination of these. When a person 
remains within the maintenance activity, the 
losing work center will submit a transferred 
card and the gaining work center an assigned 
card. Both gaining and losing work centers will 
enter the number of assigned duty hours between 
the date of change and the end of the reporting 
period in the "hours of change" block. See fig- 
ure 3-27. 

Assigned Card-this type of exception card 
will be completely handscribed and will be sub- 
mitted when a person is assigned to a new labor 
code and/or a new work center. See figure 
3-28. 

Borrowed Card, Personnel Temporarily 
from Outside Maintenance-this type of exception 
card will be submitted whenever a person from 
a nonreporting work center works in the Repair 
Department. It is completely handscribed. The 
Work Center Code in Block A will normally be 
999, or the actual shipboard work center maybe 
used if more specific information is desired. The 
Work Center Code entered in Block E, "X Short 
Term Loan To," will be the code of the reporting 
work center borrowing the labor. Blocks C and 
D will be left blank. The appropriate labor code 
under which the person is to be employed will be 
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Figure 3-26.-Revision card. 
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Figure 3-27.-Transferred card. 



Figure 3 -28. -As signed card. 
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checked in Block H. The work "Borrowed* will 
be entered as shown in figure 3-29. 

Correction Card-this type of exception card 
will be submitted when a previously submitted 
card was in error. The entries on this correc- 
tion card will be the same as those on the erro- 
neous card. The word "correction" will be writ- 



ten on this card as shown in figure 3-30. This 
serves to erase or balance the erroneous labor 
entry. A second exception card containing the 
correct information will then be filled out and 
submitted just as if the original card had not been 
forwarded. The date on the correct card will be 
the same as that on the original erroneous card. 
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Figure 3-29.— Borrowed card, personnel temporarily from outside maintenance. 
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Figure 3-30.— Correction card. 



Replenishment Card-this type of exception 
card will be submitted when the number of pre- 
punched exception cards on hand for an assigned 
person is ten or fewer than ten. Data Services 
will reproduce the card and forward the estab- 
lished level to the supervisor. The recommended 
minimum replacement quantity is 25 cards. The 



word "Replenishment" will be entered as shown 
in figure 3-31. 

Handscribed Exception Card for Regularly 
Assigned Personnel-this type of exception card 
is submitted for personnel for whom the pre- 
punched cards have been exhausted and replen- 
ishment cards have not been received; and for 
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Figure 3-31.— Replenishment card. 



so 
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personnel assigned to maintenance, to a work 
center, or to a labor code for whom an assigned 
card has been submitted, but the prepunched 
cards have not been received. See figure 3-32. 



l - : Tj.., o»: , r:. 

KAUC (LAST & INITIALS] 



TYPE OF CHANGE (V) 
I I X SHORT TERM LOAN TO: 

WOIM CINT(* coot 

I I 1. ASSIGNED 

I | 2. TRANSFERRED 

(Vf 3. LABOR CODE 

I I a OVERTfME 



UAlt W CMANfct f HUUNS «■ CHANOt 

/fl 06 l\ 

DAY MO TR | HOURS TENTHS 




« :* » » u i .« n 



17.81E 

Figure 3-32.— Handscribed exception card for 
regularly assigned personnel. 

Composite Card (Personnel)-this type of 
handscribed exception card may be submitted 
only when more than one person assigned to the 
same work center and with the same assigned 



labor code have identical exceptions. This type 
of composite card cannot exceed 999.9 hours. 
The word "Composite" will be entered as shown 
in figure 3-33. 

Composite Card (Hours)-this type of excep- 
tion card will be submitted for ETA when an 
individual is on leave, TAD, etc., and assigned 
hours lost to maintenance can be grouped on 
one card for an entire period. This card cannot 
be used for more than one individual each time. 
The word "Composite" will be entered as shown 
in figure 3-34. 

LABOR UTILIZATION REPORTS 

Manhour Accounting Reports, based on data 
accumulated from Daily Exception Cards, are 
compiled by data services through the use of 
automatic data processing machines. These re- 
ports are designed to provide the maintenance 
managers with manhour information required 
to indicate general trends and to present infor- 
mation of a specific nature. Nonproductive ex- 
cesses can be detected early, immediate steps 
can be taken to eliminate the causes, and the 
time can be rechanneled to maintenance pro- 
duction. 

There are three required Labor Utilization 
Reports: Report No. 1, the Daily Labor Excep- 
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Figure 3-33.— Composite card (personnel). 
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Figure 3-34.— Composite card (hours). 



tion Listing; Report No. 2, The Special Labor 
Utilization Report; and Report No. 3, the Monthly 
Actual Labor Utilization Report (3 parts). Ex- 
planations of the columnar headings, common to 
all labor utilization reports are given in figure 
3-35. Reference should be made to the informa- 
tion in this figure when studying the following 
descriptions and illustrations of the reports. 

Daily Exception Listing 

The Daily Exception Listing Report No. 1, 
(fig. 3-36) lists, by name of work center person- 
nel, all manhour accounting information from 
cards submitted for the preceding day. The re- 
port is prepared daily and made available to the 
work center supervisor on the next normal work 
day after the date of the listing. The report may 
be destroyed by the supervisor when the next 
report is received. Typical uses of the report by 
the supervisor are checking reporting accuracy, 
verifying the validity of cards submitted for the 
previous day, identifying manhour losses, ad- 
justing the work schedule, and monitoring the 
loss of direct labor (code 01) to any other cate- 
gory of work on a day-to-day basis. 

The Special Labor Utilization Report No. 2 
not illustrated is optional and is a summary, by 
each department, of the labor codes utilized in 



the first 25 days of the month. The major use 
of this report is to identify abnormal expendi- 
tures of manhours before the next reporting 
period, to see which labor codes require sub- 
coding. The report is made available to the re- 
pair department at least two days before the 
first day of the next reporting period. The re- 
port may be destroyed when the next report is 
received. 

Monthly Actual Labor 
Utilization Report 

The Monthly Actual Labor Utilization Report 
No. 3 is a summary of labor utilization for the 
preceding reporting period. There are three 
parts to report. Of these, Part 1 (fig. 3-37) is 
of primary concern to you as the work center 
supervisor. The prime benefit to be derived 
from this report is better employment of man- 
hour resources. This objective is facilitated by 
ready availability of consolidated manhour in- 
formation. Part 2 of the report is used by the 
repair officer. The commanding officer uses 
Part 3 for overall evaluation of manhour avail- 
ability and expenditures related to maintenance 
operations. The report is made available at 
least by the fourth working day after the end of 
the reporting period and may be kept for 3 
months for review and evaluation. 
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Figure 3-35.— Key to columnar headings of labor utilization reports. 
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Figure 3-36.— Daily labor exception listing, report No. 1. 



MATERIAL CONTROL 

General information is provided in this 
section on the control of material required in 
direct support of maintenance actions accom- 
plished under the 3-M Systems. Details on pro- 
cedures and requirements for the control of 
material should be obtained from the Mainte - 
nance and Material Management (3-M ) Manual , 
OPNAV 43P2 (revised). 

The information provided in this section 
relates primarily to the control of items which 
are reparable. Many reparable items are ex- 
changeable for an identical item or one that 
performs an identical function. Control of re- 
parable material may require action by mainte- 



nance personnel as well as supply personnel on 
both intermediate level maintenance activities 
(tenders/ repair ships) and organizational level 
maintenance ships (DD's, SS's, AKA's and so 
forth). 

To fulfill the functions required by the 3-M 
System, shipboard organization and procedures 
have been modified slightly to include: 

1. An Exchangeable Pool for reparables 
aboard intermediate level maintenance activities. 

2. A Supply Support Center (SSC) within the 
supply department of tenders and repair ships 
(optional at the organizational level). 

3. Pre-expended stocks at the maintenance 
level. 
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Figure 3-37. -Monthly actual labor utilization report No. 3, part 1. 



4. Procedures for the control of internal 
issues of materials in support of maintenance. 

A knowledge of definitions of terms pecu- 
liar to these changes is essential before con- 
sidering the control of material. 

DEFINITIONS 

MATERIAL USED IN DIRECT SUPPORT 
OF MAINTENANCE: An item is considered in 
direct support of maintenance when it is used 
in an action to which a maintenance control num- 
ber is assigned. 

REPARABLE: A reparable is a component 
or item that can be returned to an operable con- 
dition by the use of repair parts and has been 
so designated in technical publications. A re- 
parable normally has several cycles of useful 
life dependent upon re -work or overhaul. Re- 
parables are usually of relatively high value 
and not in long supply. Reparables consist of 
both NSA and APA items and are generally is- 
sued on a mandatory exchange basis from the 
rotatable pool. In exceptional situations, with 
the approval of the repair officer, reparables 
may be issued from the supply officer's stocks. 



EXCHANGEABLE POOL ITEM: An ex- 
changeable pool item is one considered to be 
reparable and has provided sufficient service to 
warrant handling on an exchange basis from a 
centrally located pool. Exchangeable pool items 
are issued on a mandatory exchange basis when 
feasible. 

NRTS-9: NRTS-9 is a classification given 
to a reparable item that is beyond economical 
repair onboard the tender/repair ship and that 
is to be processed for reclamation, salvage, or 
survey, with replacement normally required. 

CONTROLLED EQUIPAGE: Controlled 
equipage includes selected items which require 
increased management control afloat due to any 
one or a combination of (1) high unit cost, (2) 
vulnerability of pilferage, and (3) essentiality of 
ship's mission. 

(A list of items designated as controlled 
equipage is contained in Appendix 6 of BUSANDA 
Manual, Volumes ELI and VIII, and NavSo P2478.) 

PRE-EXPENDED MATERIAL: Pre- 
expended material consists of commonly used 
repair parts and hardware having a unit cost of 
$10.00 or less. Items in a critical supply status 
are not pre- expended. 
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EXCHANGEABLE POOL 

An exchangeable pool is established aboard 
all tenders and repair ships for the support of 
the repair departments of the intermediate level 
maintenance activity as well as the organiza- 
tional level ships served. The primary purpose 
of the exchangeable pool is to provide a facility 
for the exchange of items of a reparable nature 
that have been turned in for repair. The use Of 
this facility allows for more rapid response by 
the repair department to the requirements of 
the ships being served. Downtime is reduced 
and therefore readiness increased, in many sit- 
uations by the immediate exchange of a defective 
item for an operable one. This procedure also 
allows for more flexible scheduling of the work- 
load in the repair department of the tender/ 
repair ship. 

Type Commanders, in conjunction with in- 
ventory managers, determine and publish the 
specific exchangeable pool items to be carried 
on the tenders or repair ships of their force. 
This list includes the FSN and the description of 
each item. Exchangeable pool items must: 

L Be within the repair capability of the re- 
pair ship or tender. 

2. Have application in a system normally 
supported by the tender/repair ship. 

3. Be an item which has several cycles of 
useful life dependent upon re -work or overhaul. 

4. Have an average demand/issue rate of at 
least one per month. 

The exchange facility comprises the ex- 
changeable pool items and other reparable items 
that may be in the supply department storerooms. 
Exchangeable pool items are on the supply of- 
ficer's records. Authority must be obtained from 
the repair officer of the tender or repair ship 
for issue of an exchangeable item. The operation 
of the exchange facility is the responsibility of 
the Supply Support Center (SSC) on a tender or 
repair ship. 

SUPPLY SUPPORT CENTER 

To provide material support for mainte- 
nance actions performed in accordance with the 
3-M System, the supply department of a tender/ 
repair ship must: 



1. Provide material support to the repair 
functions of the ship and to the ship itself. 

2. Provide material support to organiza- 
tional maintenance level ships as required. 

To fulfill these requirements, a Supply Sup- 
port Center is established within the supply de- 
partment of each tender/repair ship. The SSC is 
responsible for: 

1. Serving as the initial point of contact 
for maintenance material requirements in the 
ship. 

2. Preparing and processing internal re- 
quests for issue of material required in direct 
support of maintenance. 

3. Providing requisition status to mainte- 
nance personnel on not carried (NC) and not in 
stock (NIS) requests. 

4. When directed, delivering andpickingup 
material as required for maintenance support. 

5. Replenishing pre-expended bins. 

6. Operation of exchangeable pools. 

7. Providing technical research identifica- 
tion of material required in direct support of 
maintenance. 

8. Maintaining status information on ex- 
changeable items in a repair cycle. 

9. Disposition of exchangeable items which 
are beyond economical repair. 

The establishment of an SSC is not manda- 
tory for ships at the organizational level. The 
concept may be adopted at that level, however, 
to consolidate functions already being performed 
and to provide a single point of contact between 
maintenance personnel and the supply depart- 
ment. 

PRE-EXPENDED MATERIAL 

Maintenance work requires the use of large 
quantities of low cost material such as nuts, 
bolts, screws, and washers. The normal issue of 
such material is costly in terms of manhours 
and paperwork. The bulk pre -expending of cer- 
tain material and the location of it in mainte- 
nance spaces provides savings in maintenance 
manhours by reducing (1) paperwork and (2) 
waiting time for material. Pre-expended bins 
of material are generally used in intermediate 
maintenance level ships; the use of such bins is 
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authorized in organizational maintenance level 
ships. 

Pre -expended bins are established by 
agreement between the supply officer and the 
department head concerned. Individual depart- 
ments are responsible for maintenance, replen- 
ishment, and housekeeping of pre -expended bins 
and for preventing the abuse of such material 
stocks. The supply officer ensures that adequate 
stocks of material are maintained in ship's 
storerooms for backup of pre -expended material 
issued to individual departments. 

Pre -expended bins are replenished by use 
of the NAVSANDA Form 1250, clearly marked 
"Pre-expended Material." Pre-expended ma- 
terial is charged at the time of issue to the de- 
partment maintaining the pre-expended bins. 
Issues of such material, for maintenance data 
collection purposes, is reported on the NAV- 
SANDA 1250 charged to a special Equipment 
Identification Code (X000000) established for this 
purpose. This EIC is used to report pre-expended 
material not specifically identified to a system or 
equipment. The use of pre-expended material is 
recorded on the reverse side of the OPNAV4700- 
2 series document by maintenance personnel. 



INTERNAL MATERIAL ISSUE 

On organizational maintenance level ships, 
requests for issue of material to be used in 
direct support of maintenance are prepared by 
supply personnel from information provided by 
maintenance personnel. On tenders/repairships, 
requisitions are prepared by the SSC. The DOD 
Single Line Item Requisition System Document 
(DD 1348), figure 3-12 is used for internal 
material issues. 

EXCHANGE AND REPAIR OR 
DISPOSITION OF DEFECTIVE ITEMS 

Any defective item which qualifies for ex- 
change is classified as noncontrolled, controlled, 
NRTS-9 (noncontrolled), or NRTS-9 (controlled). 
Regardless of classification, any exchange in- 
volves procedures related to a direct exchange, 
and the repair of the defective item or the dis- 
position of the item if it is found beyond econom- 
ical repair. For each of these situations, the 
forms required, the flow of these forms, and the 
action required at various levels are shown in 
figures 3-38, 3-39, and 3-40. 
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CHAPTER 4 



BOILER REFRACTORIES 



This chapter gives selected information on 
boiler refractory failures, refractory materials, 
refractory installation, and refractory mainte- 
nance and repair that you will be required to 
know to advance. Before attempting any refrac- 
tory installation or repair job, always consult 
the blueprints that apply to that particular boiler 
for important information on materials, dimen- 
sions, and methods of installation. It should be 
noted, however, that even the highest quality re- 
fractory materials cannot serve their purpose 
unless they are correctly installed and properly 
maintained. For additional information on boiler 
refractories, consult the appropriate manufac- 
turer's technical manual. 

REFRACTORY FAILURES 

Refractories used in naval boilers must be 
able to withstand severe service conditions and 
must therefore meet very high requirements. 
They must be able to resist high temperatures 
without softening and without significant perma- 
nent shrinkage or growth. Like most other ma- 
terials, refractories expand when heated and 
contract when cooled; expansion joints in the fur- 
nace lining make allowance for this expansion 
and contraction. Refractories must be able to 
tolerate rapid changes in temperature without 
cracking. They must be as resistant as possible 
to slag attack, which may occur as a result of the 
chemical reaction at high temperatures between 
the refractory surface and the very small amount 
of ash in the fuel oil. 

Slagging and spalling are two of the main 
causes of refractory deterioriation. Slag is 
formed when ash and other unburnable materials 
react with the brickwork. Although the ash con- 
tent of fuel oil is low, there is always enough 



present to damage the refractories. The most 
damaging slag -forming materials are vanadium 
salts and sodium chloride (the major salt in sea 
water). 

If the slag that forms on the brickwork would 
remain in place, it would not cause any particu- 
lar trouble. Actually, however, the slag does not 
remain in place. Instead, it peels off or melts 
and runs off, taking some refractory with it and 
exposing a fresh layer of refractory to further 
slag attack. 

The peeling of the refractory occurs chiefly 
because the layer of firebrick that has been pen- 
etrated by the slag has a different rate of ex- 
pansion than the original firebrick. When tem- 
perature changes occur, therefore, a cleavage 
plane is formed and the slagged layer cracks 
and breaks off. The loss of firebrick through 
cracking and subsequent breaking or crumbling 
is called SPALLING. 

Spalling can also occur from temperature 
changes alone, without any slag being present. 
However, true thermal spalling is quite rare in 
modern naval boilers because the firebrick now 
used is of very high quality and is highly resist- 
ant to thermal spalling. Figure 4-1 shows a fur- 
nace wall in which the brick to the left of the ex- 
pansion joint has been destroyedby true thermal 
spalling; to the right of the expansion joint, some 
slag penetration has occurred and some spalling 
from this cause has begun. 

A particular type of slag results from using 
fuel oil that is contaminated with sea water. This 
slag, shown in figure 4-2, is very glassy in ap- 
pearance. Glassy slag that melts and runs over 
the refractories is usually more damaging than 
peeling slag. 

Another cause of furnace deterioration is 
firebrick shrinkage. True shrinkage-that is. 
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Figure 4-1— Thermal spalling (left) and slag action (right). 



permanent shrinkage-is quite rare in firebrick 
approved for naval use. However, this defect 
can occur occasionally even in approved fire- 
brick. It is important to recognize the appear- 
ance of true firebrick shrinkage, should it occur, 
because of the extremely dangerous condition it 
could create. When the firebrick shrinks, the 
hot-face dimensions of each brick become 
measurably smaller than the cold-face dimen- 
sions. Consequently, there is an open space 
around each brick and the entire wall or floor 
becomes very loose. Figure 4-3 shows the ap- 
pearance of a wall andsloping deck in which true 
shrinkage of firebrick has occurred. A wall hav- 
ing this appearance is DANGEROUS and should 
be completely renewed as soon as possible. 

The regular expansion and contraction of 
refractories that occurs as the furnace is al- 
ternately heated and cooled is not permanent, 
and therefore does not have as serious con- 
sequences as true volume change. However, 
rapid changes of temperature cause unequal ex- 
pansion or contraction and thus set up unequal 
stresses that may lead to serious failure of the 



refractories. Rapid raising of steam is probably 
more injurious to refractories than to any other 
part of the boiler. Emergencies may arise which 
require the rapid raising or lowering of furnace 
temperatures; but it is important to remember 
that the refractories cannot stand this treat- 
ment too often. As a rule, you will find that 
raising the furnace temperature too rapidly is 
likely to cause the firebrick to break at the 
anchor bolts; lowering the furnace temperature 
too rapidly is likely to cause deep fractures in 
the firebrick. 

Expansion joints are installed in refractory 
linings to provide space for the refractories to 
expand without putting pressure on the linings. 
Brickwork expands when the boiler is lighted 
off, and the expansion joints tend to close. The 
brickwork contracts as the boiler cools, and the 
expansion joints open again. 

Expansion joints that do not close properly 
when the furnace is heated will cause the brick- 
work to buckle and break up in the center section 
between the joints. It is important that expan- 
sion joints be installed and maintained properly 
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Figure 4-2.— Glassy slag resulting from sea water contamination of fuel oil. 



to ensure that the joints close properly when the 
boiler is fired. 

Radial cracks of the type shown in figure 
4-4 may be found in burner fronts. These cracks 
are not harmful. They are caused by stresses 
resulting from the normal expansion and con- 
traction of the refractory as it is heated and 
cooled. After the radial cracks occur, the 
stresses are relieved and there should be no 
further cracking of this type. 

Cracks that eventually result in extensive 
damage form about 1 to 3 inches back from the 
furnace side of the installation. These cracks 
run approximately parallel to the surface, and 
are therefore called "parallel cracks." Figure 



4-5 shows parallel cracking of the burner cone. 
Parallel cracks usually appear at or slightly 
behind the leading edge of the bladed cone. They 
are not dangerous until they actually loosen 
pieces of the burner front. 

Some combination of factors relating to 
installation and boiler operation is probably 
responsible for parallel cracking. In general, 
it is known that the following conditions tend to 
cause parallel cracking: (1) low temperature 
during the initial fire; (2) rapid changes in 
firing rate shortly after the initial firing; 
(3) sustained high operating temperatures; (4) 
poor quality refractory; and (5) faulty instal- 
lation. 
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Figure 4-3.— Wall and sloping deck, showing excessive shrinkage of firebrick. 



After several hours of steaming, slabs of 
plastic about 1/2 to 1 inch thick may separate 
from the burner front surface and fall off. This 
is caused by the fact that the surface layer is 
more densely rammed during installation than 
the remainder of the material. In service, the 
more dense section expands and contracts at a 
different rate than the less dense part; con- 
sequently, the surface layer soon cracks off. 

A radial crack is sometimes joined by a 
slanting crack in the narrow section between 
burners. When this occurs, pieces of plastic 
tend to break off. This type of damage can us- 
ually be repaired by a plastic patch. 

When a castable burner front breaks up 
after very little service, it is likely that too 
much water was used in mixing the material. 



Another possibility is that the material was 
partially set before it was installed; a common 
cause of this trouble is that the castable, while 
in storage, reacted with moisture in the air and 
began to set. When castable sets before it is 
used, it can never reach full strength. 

Castable, like other refractories, is subject 
to spalling. After several hours of service, a 
castable front may be found to be peeling off in 
approximately 1/8-inch strips. The peeling 
material should not be removed unless it is in 
the burner cone and is interfering with combus- 
tion. 

If the surface of a castable front is chalky 
or crumbly, find out how deep the condition goes. 
If no more than the surface can be rubbed off, 
the burner front is not seriously damaged. Do 
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Figure 4-5.— Parallel cracks in burner front. 



not remove the crumbly material. The condition 
is serious only if the burner cone is affected or 
if the casing shows signs of overheating. 

Refractories are also damaged by any kind 
of mechanical strain. Continued panting or vi- 
bration of a boiler may cause a weakened area of 
wall to be dislocated so that the bricks fall out 
onto the furnace floor. Proper operation of the 
boiler, with particular attention to the correct 
use of burners and forced draft blowers, will 
generally prevent panting and vibration. 

REFRACTORY MATERIALS 

The refractory materials commonly used in 
naval propulsion boilers are described briefly 



here. The actual use of these materials in con- 
structing or repairing boiler furnaces is dis- 
cussed in later sections of this chapter. 

FIREBRICK (specification MIL-B-15606) 
is used as the innermost layer in the boiler fur- 
nace lining. Firebrick is made of fireclay, a 
mineral aggregate composed of aluminum sili- 
cate compounds and having a low impurity 
content. 

INSULATING BRICK (specification MIL-I- 
16008) is used as back-up for the firebrick. In- 
sulating brick is light in weight, and is suitable 
for use at temperatures up to approximately 
2500° F. 

INSULATING BLOCK (specification MIL- 
1-2819) forms the outermost layer of the furnace 
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lining, being installed directly against the casing 
or floor pan. Insulating block is composed of 
diatomaceous earth mixed with asbestos fiber. 
It should not be used in places where it would 
come in direct contact with flame nor in places 
where the temperatures would exceed 1500° F. 

PLASTIC FIRECLAY (specification MIL- 
P-15731) is sometimes called PLASTIC FIRE- 
BRICK. This material is a mixture of raw plastic 
clay and clacined clay tempered with water. Its 
particular usefulness lies in the fact that, be- 
cause of its plastic nature, it can be pounded 
into places that would otherwise require a brick 
or tile of unusual shape. Plastic fireclay does 
not have either the volume stability or the 
strength of regular firebrick, so it cannot be 
used as a general construction material for side 
walls. However, it is extremely useful for re- 
pairing brickwork, for topping off side and back 
walls, and for repairing and constructing burner 
cone openings. 

PLASTIC CHROME ORE (specification 
MIL-P-15384) is commonly called PCO. PCO 
is a refractory material that can be molded or 
rammed. It is used as a protective covering for 
stud tubes and headers. 

CHROME CASTABLE REFRACTORY 
(specification MIL-C- 15413) is a mixture of 
ground refractory chrome ore and hydraulic- 
setting cement. The material develops good 
strength in 24 to 48 hours without being heated. 
The mixture is shipped dry and must be mixed 
with water before use. Chrome castable refrac- 
tory may be used instead of PCO on stud tubes 
and for fillets or wall copings; in fact, it is re- 
quired for these uses in boilers of ships being 
prepared for the reserve fleet. Chrome cast- 
able should NOT be used around burner openings. 

HIGH TEMPERATURE CASTABLE HY- 
DRAULIC-SETTING REFRACTORY (specifica- 
tion MIL-C -717) is used for baffles, seals, 
burner fronts, and other furnace areas. This 
material is shipped dry and must be mixed with 
water before use. After being cast, the material 
resists slag attack and can withstand tempera- 
tures up to 3000° F. 

THERMAL INSULATING REFRACTORY 
CASTABLE MIX (specification MIL-C -19794) is 
used instead of insulating block and insulating 
brick in certain vertical walls. The advantage 
of this material is that walls can be built easier 
and faster with it than with insulating block and 



insulating brick. The thermal insulating refrac- 
tory castable mix must not be used in any loca- 
tion where it would be directly exposed to com- 
bustion gases. 

AIR-SETTING MORTAR (specification 
MIL-M-15842) is a finely ground fireclay ma- 
terial that develops strength at room tempera- 
ture and maintains this strength without fusion 
or shrinkage at temperatures up to 3000° F. 
Air-setting mortar is used for laying up fire- 
brick in walls and floors. 

HIGH -TEMPERATURE CEMENT (specifi- 
cation MIL-C-2861) is occasionally used for 
pointing up broken pieces of insulating block. 
In general, however, insulating block is laid up 
without any mortar or cement. 

Two types of tile are now among the re- 
fractories that are used in boiler furnaces. 
BURNER TILE is used to form the burner fronts 
on some boilers. BAFFLE TILE is used on some 
boilers to form baffles on water wall and water 
screen tubes. 

ANCHORING DEVICES 

Firebrick and burner tile are held in place 
by square -headed metal anchor bolts. Plastic 
and castable refractory are held in place by 
anchor strips (sometimes called "pennant* an- 
chors). Figure 4-6 shows an anchor bolt, and 
figures 4-7 and 4-8 show an anchor strip. The 
curve of the anchor strip allows for expansion. 
The anchor strip has substantially greater hold- 
ing power than the anchor bolt. Details of an- 
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Figure 4-6. — Anchor bolt. 
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Figure 4-7.— Anchor strip (plan view). 

cal position to accommodate the level of the fire- 
brick course. 

When brick bolts are retained by individual 
anchor bolt pads, a problem sometimes arises 
if the bricks are slightly undersize in thickness, 
so that the top edge of the firebrick course does 
not come up as high as it should. When this sit- 
uation exists, it is very difficult to place the 
anchor bolts properly in their slots. Inexper- 
ienced men usually try to overcome this diffi- 
culty by making the mortar joints thicker be- 
tween the brick courses; but this is NOT the 
proper solution to the problem. Instead, the 
solution is to add a complete unanchoredcourse 
of split firebrick (1-1/4 inches thick), thus mak- 
ing the top edge of the next firebrick courses 
slightly more than 3/8 inches above the pads. 
This problem does not exist, of course, on more 
recently built or modified boilers where the 
brick bolts are retained by the continuous ver- 
tical-strip brick bolt plates. 

On new construction and on ships under- 
going major overhauls, the furnace decks are 
being anchored to make them more shock re- 
sistant. This work requires strengthening of the 
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Figure 4-8.— Anchor strip (elevation). 



choring devices are shown on NavShips Me- 
chanical Standard Drawing 5000-S5102- 1385785. 

On new construction and on ships under- 
going major overhauls, the pad shown in figure 
4-6 is being superseded by brick bolt plates, 
installed as continuous vertical strips which 
permit the brick bolts to be placed at any verti- 



77 



BOILERMAKER 1 & C 



brickpan. Drawings to be used as guides for this 
work are available at planning yards. This pro- 
gram also requires that ALL areas of plastic or 
castable refractory, no matter how small, be 
anchored or keyed in to adjacent brickwork. 
Anchoring is particularly important for cast- 
able areas around burners, peepholes, and soot 
blowers; but it is also important for areas in 
rear walls under the steam drum, over the 
water drum, and in corners. All copings must 
be anchored to the headers or part of the casing 
they are protecting. In addition, a special wire 
(called "Nichrome" wire) must be intertwined 
around the anchors or tubes and embedded in the 
corbel to reinforce the material. Castable baffles 
must also be installed with Nichrome wire inter- 
twined around the tubes. 

INSTALLATION OF REFRACTORIES 

The following discussion of refractory in- 
stallation applies in general to the refractories 
used in naval boilers. Before beginning any re- 
fractory job, however, ALWAYS check the blue- 
prints that apply to the particular boiler. Refrac- 
tory installations are not identical for all boilers. 
The design of a furnace is an integral part of the 
design of a boiler; any departure from the de- 
signed refractory installation would therefore 
constitute a design deviation. The blueprints 
should be used as a guide throughout the entire 
job. They contain all important information on 
materials, dimensions, and methods of installa- 
tion. 

CONSTRUCTION OF 
EXPANSION JOINTS 

Expansion joints are installed in refractory 
linings to provide space for the refractories to 
expand without putting pressure on the linings. 
The refractory drawings should be consulted to 
determine the location of expansion joints in each 
boiler. In general, expansion joints are used in 
floors and walls at 4-foot to 5-foot intervals. 
Most rear walls now contain two expansion 
joints. 

The expansion joint that was formerly used 
at the junction of horizontal decks and vertical 
walls should be replaced, when brickwork is 
being renewed, by a joint between the third and 
fourth rows of firebrick (or 13-1/2 inches from 



the wall). Expansion joints are usually located 
in such a position that flame penetration cannot 
occur. Split firebrick is used as a backing to 
keep heat penetration from damaging the in- 
sulating brick. 

Expansion joints were formerly made by 
putting wooden battens between the bricks and 
allowing them to burn out in service. This was 
not entirely satisfactory, however, as the bat- 
tens did not always burn out completely. At pres- 
ent, expansion joints should be made by one of 
the following methods: 

1. Use wooden batten strips for forming 
the joints, but remove the strips before putting 
the boiler into service. 

2. Make two wooden or aluminum spacer 
strips, with handles so that they can be removed. 
Begin constructing the expansion joint around 
one of the spacer strips; then, as the work pro- 
gresses, insert the second strip above the first. 
As the wall is built up around the second strip, 
remove the first strip and reinsert it above the 
second strip. Continue this procedure as long as 
necessary. 

3. Use commercial-grade hard paraffin wax 
to form the expansion joints. 

4. Use 1/4-inch blue Styrofoam to form the 
joints. Styrofoam, a kind of plastic, is firm and 
rigid at room temperature but burns off, leaving 
no residue, at high temperatures. Styrofoam is 
the preferred material for use in making expan- 
sion joints. 

CONSTRUCTION OF 
REAR AND SIDE WALLS 

Furnace rear and side walls must be con- 
structed in accordance with the boiler plans. The 
following directions for constructing rear and 
side walls are general, rather than specific, in 
nature. 

As a rule, any vertical surface is consid- 
ered to be a wall and any horizontal surface is 
considered to be a deck. The construction of a 
typical real wall is shown in figure 4-9. 

INSULATING BLOCK is used for the layer 
immediately inside the casing. Insulating block 
is 1 x 6 inches and may be either 18 or 36 inches 
long. It is laid with the length of the block in a 
horizontal position and the side which is 18x6 
inches (or 36 x 6 inches) against the casing. 
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Figure 4-9. -Construction of typical rear wall. 



Thus, the layer of insulating block is 1 inch 
thick. 

The insulating block must be cut out to ac- 
commodate the anchor bolt pads and the anchor 
bolts. It is necessary to allow about 1/4-inch 
above the anchor bolt so that the anchor bolt can 
be raised when the firebrick is being installed. 

It is not necessary to use mortar for laying 
up the insulating block in furnace walls. How- 
ever, some high-temperature cement should be 
available for pointing up the insulating block. 
Spaces around the anchor bolt pads and spaces 
left by broken corners can be filled in with 
broken pieces of insulating block which have been 
soaked in water. 

INSULATING BRICK is laid inboard from 
the insulating block. Insulating brick is 9 inches 
long and 4-1/2 inches wide; it may be 2-1/2, 2, 
or 1-1/4 inches thick. It is laid with the length 
of the brick in a vertical position and the side 
which is 9" x 4-1/2" against the previously in- 
stalled insulating block. Thus the layer of insu- 



lating brick is 2-1/2, 2, or 1-1/4 inches thick, 
whichever is shown on the refractory drawings. 

The insulating brick must break joints both 
vertically and horizontally with the insulating 
block. In order to accomplish this, you will have 
to cut alternate bricks in the first course of in- 
sulating brick to a height of 7-1/8 inches and 
4-1/2 inches. 

Insulating brick should be laid out from the 
vertical expansion joints so that the necessary 
cutting for anchor bolts will be along the 9-inch 
length of the insulating brick. As the insulating 
brick is laid, you will have to cut notches for the 
anchor bolts. The notches should be large enough 
to allow movement of the anchor bolts when the 
firebrick is being installed; as a rule, a notch 
about 3/4 inch high and 1/2 inch wide is suffi- 
cient. Set the anchor bolts in their pads as you 
install the insulating brick. 

Two vertical rowsof anchor bolt pads, 4-1/2 
inches apart instead of the usual 9 inches, indi- 
cate the location of a vertical expansion joint. 
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At the expansion joint, the 2-1/2-inch thickness 
of insulating brick is replaced by a split insulat- 
ing brick and a split firebrick, with the split 
firebrick being on the inboard (hotter) side. 

If a corner of an insulating brick breaks of f, 
trim the broken end and use the remaining por- 
tion of the brick. When laying insulating brick, 
take care to see that there are no openings be- 
tween the bricks. Both insulating block and in- 
sulating brick are very easily worked. They can 
be cut with a hacksaw blade or shaped with a 
wood rasp. They may also be shaped by rubbing 
them against a firebrick. 

FIREBRICK is used for the innermost 
layer of the furnace. Several sizes of firebrick 
are available. The standard firebrick is 9" 
x 4-1/2" x 2-1/2*. Other sizes available are 
9" x 4-1/2" x 1-1/4", 9" x 4-1/2" x 2", 
9" x 6-3/4" x 2-1/2", and 13-9/16" x 4-1/2" 
x 2-1/2". This last size is sometimes called a 
"brick-and-a-half" size. It is particularly useful 
because it can be used to border expansion 
joints, thus eliminating the need for half bricks 
in these positions. ANCHOR BOLT FIREBRICK 
is the same as regular firebrick except that it 
has spaces molded in one of the faces for in- 
serting the heads of the anchor bolts. 

Firebrick is laid with the length of the 
brick in a horizontal position and with the 9" x 
2-1/2" face against the insulating brick. Thus 
the layer of firebrick is 4-1/2 inches thick. 

Firebrick is laid out from the expansion 
joints. It must be laid in such a way that it will 
break joints both vertically and horizontally with 
the insulating brick. The refractory drawings 
indicate whether the first course of firebrick 
should begin with a full brick or with a brick - 
and-a-half size brick. 

Firebrick must be laid with air-setting mor- 
tar. Mortar should NOT be used between the first 
course of firebrick and thefloorpan. If the floor- 
pan is slightly warped, cut the firebrick so that 
it will fit the pan. Mortar SHOULD be used be- 
tween the ends of the bricks in the first course. 

Before laying up a brick, inspect it care- 
fully to be sure it does not contain serious flaws 
or defects. Do not use bricks that are badly 
warped or twisted or otherwise defective. Choose 
the best edge of each brick for use on the furnace 
side, when possible. 

Always complete a full course before start- 
ing the next course. When the first row of an- 



chor bolts is reached, the top edge of the fire- 
brick should be about 3/8 inch above the top 
edge of the anchor bolt pads. Adjust the anchor 
bolts in their proper position as you go along. 

As you put the anchor bolts in place in the 
firebrick, fill in the opening in the insulating 
brick with small pieces of insulating brick 
mixed with air -setting mortar. This fill-in 
should not grip the anchor bolt tightly, but 
rather should allow for the movement of the 
anchor bolt which must occur when the wall ex- 
pands. If the anchor bolt is held so firmly in 
place that it cannot move when the wall expands, 
the wall may become so stressed that it will 
buckle. The anchor bolt space in the firebrick 
must NOT be filled in with anything. 

When using air-setting mortar to lay up the 
firebrick, it is not necessary to first dip the 
brick in water. Dip one end of the brick into the 
mortar and then, with a wiping motion, dip the 
bottom of the brick. Lift the brick from the mor- 
tar and allow the excess mortar to drip off, as 
shown in figure 4-10. Do not spread mortar on 
the wall or on the brick. Quickly place the brick 
in position in the wall and push it hard against the 
next brick in the course. Then tap it firmly, as 
shown in figure 4-11. Tap it both sidewise and 
backwards, so that it will be forced into posi- 
tion. Remember that the firebrick must form a 
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Figure 4-10.-Dipping a brick. 
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Figure 4- 11. -Tapping a brick into position. 

smooth, even surface without any projecting 
edges of brick. 

When no more mortar can be squeezed out of 
the joint, use a small trowel to smooth off the 
excess mortar which protrudes from the joint; 
the mortar should be very slightly beaded, as 
shown in figure 4-12. Scrape off any excess 
mortar from the surface of the firebrick. 

The thickness of the joints may vary slightly, 
depending upon the uniformity and smoothness of 
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Figure 4-12.-Mortared joint in firebrick. 



the firebrick. However, all joints must be as 
thin as possible. They must NOT exceed 1/16 
inch. This dimension is very important because 
the spacing of the anchor bolt clips (which are 
welded to the inner casing) is based on the ex- 
pectation that the joints will be 1/16 inch thick. 

Difficulty in obtaining the proper size joints 
may result from any one of the following causes: 

1. Inadequate mixing of the mortar. 

2. Insufficient water mixed with the mortar. 

3. Delay in placing the mortared brick in 
position. 

4. The presence of grog particles on the 
course of brick to the covered. 

The consistency of the mortar is extremely 
important. Mix a full bag of mortar all at once, 
if possible. If you need only a small amount of 
mortar, mix the dry mortar thoroughly before 
removing the required amount. This is neces- 
sary because mortars are composed of materials 
of different densities, and separation may take 
place in transit or in storage. Before adding 
water to the mortar, be sure there are no lumps 
in the dry mortar and that the consistency is 
uniformly fine. 

Use enough clean water with the mortar to 
make a thick soupy mix. DO NOT MAKE THE 
MIXTURE TOO THICK. The mortar should ad- 
here uniformly over the surface of the brick. 
When the brick is set in place, the mortar should 
be easily squeezed from the joint but should 
completely fill the joint. If the brick were to be 
lifted after being set in place, the mortar would 
be found evenly over the surface of each fire- 
brick, with part remaining on each. The proper 
consistency must be maintained by the addition 
of more dry mortar or more water, as necessary, 
and by thorough stirring of the batch at frequent 
intervals. 

The brickwork plans should be consulted 
for the details of finishing off rear and side 
walls. In certain areas, the use of plastic or 
castable refractories may be necessary; but all 
such work should be done in strict accordance 
with the brickwork plans. 

On boilers constructed with water-cooled 
tangent tubes on side and rear walls, the re- 
fractory wall construction behind the boiler tubes 
is made up of a 1-inch layer of insultating block 
next to the casing and a course of insulating 
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brick laid up WITH air-setting mortar. This is 
an exception to the general rule of not using air- 
setting mortar with insulating brick in the con- 
struction of furnace walls. 

An alternate way of constructing rear and 
side walls is to use thermal insulating refrac- 
tory castable mix (MIL-C- 19794) instead of in- 
sulating block and insulating brick. To construct 
a wall in this way, first build up five courses of 
firebrick (spaced the proper distance from the 
casing) using mortar and the necessary anchor 
bolts. Install split firebrick and split insulating 
brick behind the expansion joints. Then mix the 
castable and pour it into the space between the 
firebrick and the casing. Mix 50-pound lots of 
the castable with clean water, obtaining such a 
consistency that the mixture will flow together 
when it is puddled. After the mixture has been 
poured, prod it mechanically to eliminate any 
possible voids and to make certain that it will 
flow completely around the anchor bolts. When 
the mixture has been poured up to the level of the 
firebrick, add another five courses of firebrick, 
install split firebrick and split insulating brick 
behind the expansion joints, and mix and pour 
some more castable. Continue this procedure 
of building up the firebrick and then pouring the 
castable until the wall is completed. This type of 
construction can be used only on vertical walls; 
it is most advantageous on walls that are not 
faced with tubes, since this process eliminates 
the time and labor that would otherwise be re- 
quired for cutting anchor bolt holes and fitting 
anchor bolts. 

CONSTRUCTION OF 
FRONT WALLS 

The front wall of the furnace is built up in 
the same manner and of the same materials as 
the side and rear walls, except that the total 
thickness of the front wall may vary from one 
installation to another, depending upon the type 
and arrangement of burners. In many installa- 
tions, split insulating brick 1-1/4 inches thick 
is used instead of the straight 2-1/2 inch insu- 
lating brick. Be sure to consult the refractory 
drawings to determine the thickness of the front 
wall. The total wall thickness must never be less 
than 6 inches. 

When burner tile is used to form the burner 
cones, the easiest method is to place the burner 



tile cones by building them up with the front wall 
brickwork. When plastic or castable is used to 
form the burner cones, burner openings are left 
in the front wall and the cones are formed after- 
wards, as described later in this chapter. 

The position of the brickwork near the 
burner cones is shown on the refractory draw- 
ings. The older construction, in which staggered 
bricks extended into the plastic for the length of 
half a brick, is no longer used. Instead, the 
brickwork around the burner cones is generally 
arranged in a manner similar to that shown in 
figure 4-13. The brickwork at each side of the 
material surrounding the burner openings should 
be cut back approximately 1-1/2 inches toward 
the cold side to aid in holding the plastic or 
castable refractory in position. 

The brickwork over the burner cones must 
be supported by angle irons so that the weight 
of the brickwork will not be borne by the ma- 
terial used to form the burner cones. The sup- 
port ledges should extend across the front casing 
and be attached to a structural member near 
the side casing or in the vicinity of the super- 
heater. A similar ledge must be used to support 
the wall above the access door. A shallow re- 
cess must be cut in the bottom of the brick above 
the ledge so that the ledge will fit into the brick 
and be protected from high furnace temperatures 
by at least 2 inches of firebrick. Figure 4-14 
illustrates the arrangement of a supporting ledge 
above a plastic or castable burner front. 
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Figure 4-13. — Front wall of furnace. 
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Figure 4-14. — Ledge to support firebrick 
above burner cones. 

CONSTRUCTION OF 
FURNACE DECKS 

Before beginning to install a furnace deck, 
clean the surface of all walls. Remove all loose 
material and all dried material that clings to the 
brickwork. 

The actual construction of furnace decks 
varies considerably. In some boilers, the floor 
consists of a layer of insulating block, 1 inch 
thick, next to the casing; a 2-1/2-inch layer of 
insulating brick over the insulating block; and 
a 2-1/2-inch layer of firebrick over the in- 
sulating brick. In other boilers, the firebrick 
is laid 4-1/2 inches thick over various arrange- 
ments of insulation. 

In constructing a furnace deck, use air- 
setting mortar to lay up the insulating brick. 
After installing the insulating brick layer, seal 
the surface with a thin layer of mortar applied 
with a brush or a broom. Use air-setting mor- 
tar also for laying up the firebrick. 

Sloping decks should be installed before 
horizontal decks. On sloping decks, the fire- 
brick should be laid so that the 9 -inch dimen- 



sion lays across the slope-that is, so that the 
9-inch dimension does NOT run up and down the 
slope. 

The back slope should be laid after the side 
slopes, and should overlap them. The back slope 
is laid in the same way as the side slopes. It is 
not necessary to cut the end firebricks to an angle 
in order to make a straight -line junction. Instead, 
the ends may be left square, as shown in figure 
4-15. After the brickwork has been laid, the 
spaces between the sloping rear deck and the 
sloping side decks should be filled in with PCO 
or chrome castable refractory. 

The horizontal section of the deck is laid 
last. When laying a horizontal deck, be very 
careful not to damage the insulating block or the 
insulating brick when walking on them. Both are 
soft and easily damaged. 

The expansion joint that was once used at 
the junction of the vertical walls and the deck 
is no longer used. Instead, a fillet of plastic 
chrome ore or chrome castable refractory is 
installed at the angle between the vertical wall 
and the deck. This type of installation is shown in 
figure 4-16. The PCO or chrome castable should 
be installed with 1/4 -inch expansion spaces at 
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Figure 4-15.— Junction of sloping rear deck 
and sloping side deck. 
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approximately 24-inch intervals. As may be seen 
in figure 4-16, an expansion joint is provided in 
the deck at some distance from the actual junction 
of the vertical wall and the deck. 

When the firebrick has been completely 
installed, corner joints should be filled in with 
a fillet of chrome castable or PCO. Very often 
you will find a space between the rear wall and 
the floor that cannot take a full width of fire- 
brick. This spac jhould be filled with chrome 
castable, PCO, or plastic fireclay; the fillet 
should not exceed 5-3/4 inches in width. 

On some double-furnace boilers, the bricks 
next to the water wall header are arranged in 
a corbel to support the coping, as shown in figure 
4-17. The corbel bricks can be cut from regular 
firebrick in such a way that one standard brick 
makes two corbel bricks. The method of cutting 
the brick is also shown in figure 4-17. 

CONSTRUCTION OF 
BURNER FRONTS 

Plastic fireclay refractory, high-tempera- 
ture castable hydraulic -setting refractory, and 
burner tile are used for the construction of 



burner fronts. Plastic and castable were form- 
erly the two materials used for burner fronts, 
but burner tile is being used increasingly on 
both old and new ships and is at present the 
preferred material. 

Before installing a new burner front of any 
type, remove all the old material. Inspect and, 
if necessary, repair the metal ledges which sup- 
port the firebrick above the burner front. Inspect 
the burner throat rings. Inspect the exposed 
casing. If necessary, paint the casing with two 
coats of heat-resisting aluminum paint. 

PLASTIC FIRECLAY INST AL LATION. — 
Figure 4-18 shows how the firebrick should be 
undercut so that it can be keyed into the plastic 
to help hold the material in place. 

Anchor strips should be used for plastic 
fireclay burner fronts. At least one anchor strip 
must be used for each 100 square inches of sur- 
face. However, there must be NO unsecured 
areas, no matter how small. Anchor strips 
should be so placed that there is a space of 1/2 
inch between the end of the anchor strip and the 
surface of the burner front and so that they do 
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Figure 4-16.— Fillet at junction of vertical wall and floor. 
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Figure 4-17.— Installation of corbel and coping around water wall header. 



not extend closer than 1 inch to the surface of 
the burner cone. 

Approximately one-half of the anchor strips 
fabricated for a burner front should have the S- 
bend welded in one direction and the remainder 
should have the S-bend welded in the other di- 
rection. Having the bends welded in different 
directions allows a choice of bends and permits 
the strips to be installed so that the end of each 
strip will be the specified 1/2 inch from the sur- 
face of the burner front and at least 1 inch from 
the surface of the burner cone. Anchor strips 
should be covered with a thin layer of some com- 
bustible material that will burn out in service 
and leave spaces in the refractory for the ex- 
pansion of the metal strips. 

Before beginning to install the plastic, in- 
stall a 1-inch layer of insulating block against 



the casing. Fit the block so that it joins the in- 
sulating block installed behind the firebrick and 
fits against the burner cones. 

An expansion space must be left for each 
metal burner cone. This can be provided by 
painting on a 1/8-inch coating of asphaltum or 
paraffin. (The asphaltum is preferred.) A 
l/16-inch or l/8-inch space should result after 
the coating has burned off. 

Metal or wooden forms should be used in 
constructing burner and peephole openings. The 
forms for the burner openings should be of a 
smaller angle than is required for the finished 
burner cones, so that the plastic can be swept 
to the exact dimensions after it is installed. 
The forms used for peepholes, drain holes, and 
lighting -off ports should be made exactly the 
size and shape required in the finished openings. 
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Figure 4-18.— Undercutting firebrick for keying 
into the plastic or castable burner front. 

Plastic fireclay refractory (MIL-P-15731) 
is normally received in a workable, ready -to -use 
condition. It does not usually require the addition 
of water. The furnace setting in any one wall 
should be completed the same day it is started 
so that the plastic will not dry out. If the setting 
cannot be completed in one day, the unfinished 
work and the unused plastic must be covered 
with damp cloths so that the plastic will not dry 
out. 

The plastic should be built up in such a way 
as to avoid the formation of vertical cleavage 
planes-that is, it should be built UP from hori- 
zontal layers rather than OUT from vertical 
layers. Beginning at the bottom, install a hori- 
zontal layer of plastic on the firebrick. Use fist- 
sized lumps of plastic, and ram each lump into 
place before putting in the next lump. Ram the 
plastic with a blacksmith's hammer or with a 
pneumatic hammer. Do NOT pound or ram to- 
ward the casing. The plastic must be well 
rammed to prevent voids; in general, the more 
solidly a section is rammed, the better it will 



be. After one horizontal layer of plastic has 
been installed and pounded, begin on the next 
horizontal layer. 

The plastic should be built up, layer by 
horizontal layer, to the centerline of a burner, 
allowing space for the forms. Slightly more 
plastic than necessary should be pounded, and 
then it must be cut out to accommodate the 
forms. Continue the pounding after the lower 
burner forms are in place. Remember, the 
service life of the wall will depend in very large 
measure on the way in which the plastic is 
pounded. 

When the entire wall has been pounded, 
scrape it to the proper thickness. If the forms 
have been made so as to extend into the furnace 
for the thickness of the wall, scraping the en- 
tire wall to the same thickness will not be diffi- 
cult. After scraping the wall, remove the forms 
and then remove excess plastic from the burner 
cones with a sweep. If the plastic seems too 
soft and begins to slump while the burner cones 
are being swept, allow the plastic to dry out for 
a while and then complete the sweeping. 

After all burner cones have been swept, use 
the sweep to test the angle of all burners. 
Stipple the entire surface of the plastic, except 
the burner cones, with a wire brush. (Smooth 
surfaces tend to prevent the escape of moisture.) 
Vent the plastic (including the burner cones) on 
2 -inch centers by plunging a 3/16-inch rod, 
tapered to a blunt point in the last half inch, 
through the plastic to the casing. The holes 
should all be made at right angles to the casing. 

The reason for venting the plastic is to al- 
low the moisture to escape more easily. The 
plastic fireclay contains about 10 percent water 
(by weight) when it is installed. An average front 
wall installation uses about 1 ton of plastic; 
therefore, approximately 200 pounds of water 
must be removed. If for any reason this water 
were trapped within the plastic setting, or be- 
hind it, steam would be generated as the furnace 
temperature increased; severe cracking might 
occur and cause the plastic to fall off. Venting 
also allows the heat to penetrate deeper into the 
body of the plastic and thus increases its 
strength. 

The boiler should be fired within 24 hours 
after the plastic setting has been completed. 
Plastic fireclay cannot develop its optimum 
strength or ceramic bond unless it is fired at a 
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temperature of 2500° F to 3000° F. Air drying 
before the firing is not only unnecessary, it is 
positively undesirable because it increases the 
amount of shrinkage in the plastic. 

The necessity for baking out the plastic 
setting often presents problems, since the plastic 
is usually installed at an overhaul period. Care- 
ful planning and scheduling is required to make 
sure that the plastic is installed at a time when 
it can be baked out properly. The following pro- 
cedure for baking out gives the best results and 
should be followed whenever practicable: 

1. Light off the boiler within 24 hours after 
completion of the plastic installation, if pos- 
sible. If this is not possible, keep the plastic 
moist by covering it with damp cloths. 

2. When lighting off, use one burner with 
the smallest size sprayer plate on the ship's 
allowance. Use this burner for 15 minutes, then 
secure it and light off a second burner for an- 
other 15 minutes. Use each burner in rotation 
in this way, for a period of 6 hours. If steam is 
not being taken from the boiler, the firing and 
idle periods will be determined by steam pres- 
sure. 

3. After the initial firing, the furnace tem- 
perature should be gradually increased over a 
period of 6 hours to the maximum temperature 
that can be obtained under the particular steam- 
ing conditions. The maximum obtainable tem- 
perature depends, of course, on the purpose for 
which the boiler is being used. In port, it is 
likely that the boiler will be used only to supply 
auxiliary steam. If possible, however, the final 
firing should be at the boiler full-power rating. 
Final firing at the maximum practicable tem- 
perature should be maintained for a period of 
6 hours. The plastic cannot develop full strength 
unless it is fired at high temperatures for at 
least 4 hours. 

4. After baking out the plastic installation, 
secure the boiler and allow it to cool slowly. 
When the brickwork has cooled, open the furnace 
and inspect the plastic. Check the concentricity 
of the burner openings. 

On all types of boilers, be sure the super- 
heater is properly protected during the baking- 
out period. Special care must be taken to pro- 
tect the superheater of a double -furnace boiler 



when baking out the superheater side. Light off 
the saturated side and, when enough steam has 
formed to operate an idling generator, cut the 
generator in, using steam from the superheater. 
Obtain additional steam flow through the super- 
heater by blowing down to the bilges and using 
the recirculating line to the auxiliary exhaust 
system (if installed). When a sufficient flow of 
steam has been established through the super- 
heater, light off the burners on the superheater 
side, in rotation, as previously described, using 
the superheated steam temperature as the basis 
for maximum permissible firing rate. 

On single -furnace boilers, a steam flow 
through the superheater must be obtained by 
whatever method is feasible under the circum- 
stances. Frequently the superheater protective 
steam system can be used to obtain a flow 
through the superheater. 

Another way of protecting the superheater is 
to flood the superheater with water until steam 
has formed in the boiler. This method, which 
may be used on both double -furnace and single- 
furnace boilers, is particularly applicable if it 
is necessary to light off when there is no steam 
on the ship. When this method is used, it is 
necessary to allow for the expansion that will 
occur when the water is heated. 

Except in emergencies, no attempt should 
be made to bake out a plastic setting unless 
steam is available or unless motor -driven 
blowers are available so that steam may be 
raised in a reasonably short time. When it is 
known that the boiler cannot be fired or that for 
other reasons the fronts cannot be baked out 
properly, burner tile or high-temperature cast- 
able refractory should be used instead of plastic 
for the burner fronts. 

HIGH-TEMPERATURE CAST ABLE IN- 
STALLATION.-This material (MIL-C-717) is a 
hydraulic -setting refractory that acquires its 
strength without being fired. It is quite often 
used for the burner fronts on the superheater 
side of double -furnace boilers because of the 
difficulty of firing these boilers at a sufficiently 
high rate to bake out the plastic . 

High- temperature castable hydraulic- 
setting refractory (usually called just "castable") 
is received dry and must be mixed with water for 
use. The directions on the bag should be checked 
before the castable is mixed. Some brands of 
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castable require slightly more water than others. 
The amount of water used is critical. If you use 
more water than necessary, the finished mate- 
rial will be weak and will tend to shrink exces- 
sively. If you use too small an amount of water, 
the material may also be weak. When the cor- 
rect amount of water is used, you will be able to 
form the material into a ball and toss it in your 
hand; when you hold it in your hand with your 
fingers separated, it will just barely settle be- 
tween your fingers. 

Castable should not be mixed until all prep- 
arations have been made for installing the 
burner front, since the material begins to set 
at once and must be discarded if it is not used 
within 30 minutes. The old material must be 
removed, the casing must be inspected, new in- 
sulating block must be installed, and new anchor 
strips must be available and ready for installa- 
tion. The requirements for anchoring castable 
are the same as the requirements for anchoring 
plastic. 

Forms for the burner throats, peepholes, 
oil drain holes, and lighting-off ports may be 
made of wood or of metal. The forms for the 
burner openings should be secured through the 
distance pieces. Metal is preferred for the 
burner throat forms, but the smaller forms may 
more easily be made of wood. All forms used 
with castable must be made to the exact size and 
shape required in the final setting; unlike plastic, 
castable is not scraped or trimmed after it has 
set. 

Both wood and metal forms must be 
thoroughly oiled to permit removal. Even though 
wooden forms are well oiled before use, they 
will still absorb water from the castable unless 
they have previously been thoroughly soaked in 
water. 

Construction of the front forms (fig. 4-19) 
requires enough 1" x 6" or 1" x 8" boards or 
metal pieces to cover the area being cast, plus 
enough 2" x 4 M shoring to support the forms. 
The forms, whether wood or metal, must be 
thoroughly oiled before use and waterproofed so 
that they will not absorb any water from the 
castable. If the castable does not have all the 
water it needs for setting, the finished structure 
will be weak and the surface will be crumbly. 

Each batch of castable should consist of a 
full bag of the material, mixed with water ac- 
cording to the directions on the bag. Do not use 



castable that has lumps in it; lumps indicate that 
the material has been exposed to moisture and 
has begun to set. Such material is not strong, 
and should be discarded. NEVER add water to 
partially set castable. As noted before, do not 
mix the castable until everything is ready and 
you are sure you can use it in less than 30 min- 
utes. 

When the coated anchor strips and forms 
for the burner openings, oil drip holes, peep- 
holes, and lighting-off ports are in place and 
the vertical supports are secured against the 
front wall, place one strip of wood or metal at 
the lower part of the setting. Then pour the 
castable over this strip and puddle around the 
burner cones, the anchor strips, and the brick- 
work until all voids are eliminated. 

When you reach the top of the wood or metal 
strip, add another strip and repeat the proce- 
dure. Continue until the entire front has been 
installed. A convenient method of installing the 
uppermost portion is to cut a wood strip to end 
approximately 2 inches below the bottom of the 
brickwork above the burner. Install castable to 
the top of this strip. Then install a strip with 
the width making approximately a 45 0 angle with 
the vertical front, with the top of this strip ex- 
tending into the furnace. Pour castable over this 
strip and puddle until the top of the castable is 
above the bottom of the brickwork. The castable 
lip extending into the furnace may be removed 
after the forms are taken off. 

Do not remove the forms for approximately 
24 hours. If any voids are found after the forms 
are removed, roughen the surface to be patched 
and fill the voids with castable that has been 
mixed to a consistency slightly heavier than 
normal. 

Castable increases in strength with pro- 
longed air drying before heating. It should not 
be subjected to heat for at least 48 hours after 
it has been installed. 

BURNER TILE INSTALLATION.-Burner 
tile is now preferred instead of plastic or cast- 
able for the burner cones on many boilers. 
When replacement of the burner cones is re- 
quired on any boiler for which burner tile is 
available, burner tile should be used instead of 
plastic or castable. NavShips Mechanical Stand- 
ard Drawing 810-1385708 shows the burner tile 
shapes that are available. 
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Figure 4-19.— Forms for installing high-temperature castable refractory. 



The details of installing burner tile are il- 
lustrated in figure 4-20. The most important 
thing to remember about installing burner tile 
is that the tile must be properly aligned with the 
burner, with a 1/16 to 1/8 inch space between 
the tiles and the corners of the bladed burner 
cone. Set up a trial assembly, using 1/16-inch 
cardboard for the joints between tiles, around 
one or two burners at a time so that you can 
locate the holes and the lugs needed to secure 
the tiles. During this trial assembly, use pieces 
of insulating block to maintain the 1-inch dis- 
tance between the tile and the casing. Cut the 
tiles as necessary to accommodate the burner 
oil drains. Less cutting will be required if you 



install a pipe about 4 inches long to serve as the 
drain. If you cut too large a groove in the tile, 
you can fill in the excess space with plastic 
fireclay. 

Lay insulating block so as to completely 
cover the exposed casing, before installing 
the tile permanently. It may be necessary to 
wedge the tile rings in place until the mortar 
has set. 

Where burner tile is used, the brickwork 
around the burner cones should be extended 
nearly to the tile except in cases where exces- 
sive cutting would be required. The spaces be- 
tween tile rings are filled with plastic fireclay; 
if the plastic covers more than 10 square inches, 



8 n 



BOILERMAKER 1 & C 



it must be vented. The space between the tile and 
the bladed cone must be left open. 

REFRACTORY MAINTENANCE AND REPAIR 

The service life of boiler refractories de- 
pends upon many factors. The quality of the or- 
iginal installation, the way in which the refrac- 
tories are maintained and repaired, the quality of 
the fuel oil burned, and the operating conditions 
of the boiler all affect the length of refractory 
life. Because so many factors are involved, it is 
almost impossible to predict the service life of 
refractories. However, there is no doubt that 
proper maintenance and repair can do a lot to 
prevent refractory failures and to postpone the 
need for complete renewal. 

Before you can decide whether refractories 
should be replaced or repaired, you must know 
a great deal about the condition of the entire re- 
fractory installation. Important aspects of re- 
fractory inspection are discussed in chapter 16 
of this training manual. On the basis of close 
inspection and careful measurement of wall and 



floor thicknesses, you will have to decide how 
much the refractories have been damaged in 
service, how much more deterioration must be 
expected before the next availability, and how 
well a good repair job will holdup under the ex- 
pected conditions of service. 

REPAIRING FURNACE WALLS 

Furnace walls can frequently be repaired 
rather than completely renewed. However, you 
can't always tell how badly the firebrick is 
damaged merely by looking at it. Many walls 
that appear to be badly slagged and spalled may 
actually have hundreds of hours of service life 
left in them, and walls that are actually in good 
condition are often torn down and replaced 
merely because they "look bad." 

The only way to really determine the con- 
dition of a furnace wall is to measure the wall 
thickness at the thinnest point. Usually this can 
be done at an expansion joint. Sometimes, how- 
ever, you will have to remove a brick from the 
worst area and measure its thickness. A wall 
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Figure 4-20.— Burner tile installation. 
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with firebrick 4-1/2 inches thick can lose up to 
1-1/2 inches of firebrick before there is danger 
of the casing becoming overheated. 

When a wall has deteriorated to the point 
where only a 3-inch thickness of firebrick re- 
mains, the wall should be renewed. If inspection 
of a wall leads you to believe that the wall might 
become dangerously thin before the next avail- 
ability, the possibility of immediate replacement 
should be considered. 

When a wall is not to be completely re- 
bricked immediately, any holes or damaged 
spots should be patched. Broken or loose brick 
should be replaced or repaired with plastic re- 
fractory. Open joints should be pointed up with 
mortar or with plastic refractory; this is very 
easy to do, and it will do a lot to protect the 
casings and to postpone the need for a com- 
plete rebricking. 

Do not attempt to remove slag from fur- 
nace walls. It is almost impossible to remove 
slag without also removing some of the fire- 
brick. 

REPAIRING FURNACE DECKS 

Loose slag and other debris should be 
swept out of furnace decks. As a general rule, 
anything large enough to be swept out with a 
broom should be removed. It is particularly 
important to remove scale which has fallen 
from tubes and debris that results from water 
washing of the boiler firesides. 

After a period of service, the slag ac- 
cumulation on the furnace deck may reach the 
point where it will be struck by flame. If flame 
striking occurs when the slag is fused solidary 
to remove the slag without damaging the fire- 
brick. After removing slag, measure the thick- 
ness of the furnace floor. If less than 1-1/2 
inches of firebrick remains over a considerable 
area, the entire deck must be renewed. Holes 
of small size should be filled with plastic re- 
fractory. 

CARE OF EXPANSION JOINTS 

Slag, brick crumbs, and other foreign ma- 
terial should be removed from expansion joints 
with the aid of a hacksaw blade, unless this ac- 
tion would result in breaking off the corners of 
the firebrick. Loose particles of grog, mortar, 



and brick often clog expansion joints and so pre- 
vent proper working of the brick when the fur- 
nace is fired. Proper maintenance requires that 
this material be cleaned out as much as possible 
without damaging the brickwork. 

CARE OF COPINGS, 
FILLETS, AND BAFFLES 

The refractory materials used to protect 
drums and headers and used for fillets may fail 
in service either from slagging or from break- 
ing up, depending upon the material that is used. 
Plastic fireclay tends to be eroded by slag. The 
chrome ore materials tend to crumble on the 
surface. Castable refractories crack and some- 
times spall on the surface. All copings, fillets, 
and baffles should be replaced or repaired, as 
required, as soon as the damage is evident. 

Experience so far indicates that baffle tile 
lasts a long time and requires little or no re- 
pair. Replacement of an individual piece of tile 
is not usually possible. Replacement of several 
tiles in a vertical row is necessary if one piece 
of baffle tile is damaged. If it is necessary to 
remove one of the metal lugs that supports the 
baffle tile, a stub of the lug should be left on 
the tube so that a new lug can later be welded to 
the stub without disturbing the tube metal. 

MAINTENANCE OF 
BURNER FRONTS 

Burner fronts require replacement more 
frequently than any other part of the furnace 
lining. It should be noted, however, that burner 
fronts are often replaced unnecessarily merely 
because they are somewhat slagged or cracked. 
Repairs or replacements should be made only 
when cracks have loosened sections of the re- 
fractory, when slag or displaced refractory in- 
terferes with the flame, or when the cone angle 
differs from the specified angle by more than 5 
degrees. Remember, also, that it is not always 
necessary to replace the entire burner front 
when only a part of it is damaged. A good patch 
is relatively cheap and can often extend the serv- 
ice life of the front for several hundred hours 
or more. 

The extent of damage to a burner front 
should be the determining factor in the decision 
whether to repair the burner front or to replace 
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it. As a general rule, it pays to replace the in- 
stallation if more than 25 percent of the total 
surface is damaged. However, burner fronts 
should be repaired rather than replaced if 
they are still protecting the casing and still al- 
lowing proper mixing of air and oil. Even a 
large patch can be as permanent as the rest 
of the installation, provided it is properly in- 
stalled. 

Plastic fireclay can be used for patching all 
types of burner fronts— plastic, castable, and 
tile. The repair of plastic and castable burner 
fronts is discussed in Boilerman 3 & 2 , NavPers 



10535-E. The repair of tile fronts with plastic 
fireclay is quite similar and poses no particular 
problems. One or more complete pieces of 
burner tile can also be replaced by new tile 
pieces, if extra tile is available. 

When work is being done on a burner front, 
be sure that all open expansion joints on the 
deck are carefully protected. A tarpaulin or some 
other covering should be used to keep loose ma- 
terial from getting into the open joints. When the 
work has been finished, the open joints shouldbe 
carefully cleaned and all loose particles should 
be removed. 



CHAPTER 5 



METALS AND ALLOYS 



As a Boilermaker you will be working with 
many different types of metals and alloys. The 
more knowledge you have of metals and alloys, 
the better you will be able to perform your re- 
pair and maintenance duties. 

Can you define a metal? Although we all 
have a general idea of what we mean by the word, 
it isn't easy to give a simple, accurate definition. 
Chemical elements are considered to be metals 
if they are lustrous, hard, good conductors of heat 
and electricity, malleable, ductile, and heavy. 
Within the group of chemical elements that are 
classified as metals there is, of course, consid- 
erable variation in the distribution of these 
properties. Some metals are heavier than others; 
some are more malleable than others; and some 
are better conductors of heat and electricity. In 
general, however, these properties are known as 
"metallic properties," and chemical elements 
that possess these properties to some degree 
are called metals. Chemical elements that do 
not possess these properties are called non- 
metals; oxygen, hydrogen, chlorine, and iodine 
are examples of nonmetallic chemical elements. 

Chemical elements that behave sometimes 
like metals and sometimes like nonmetals are 
often called metalloids. Carbon, phosphorus, 
silicon, and sulfur are examples of metalloids. 

An alloy may be defined as a substance that 
has metallic properties and that is composed of 
two or more elements. The elements that are 
used as alloying substances are usually metals 
or metalloids. The properties of alloys differ 
from the properties of the elements that com- 
pose the alloys, and in this very difference lies 
the usefulness of alloys. By combining metals 
and metalloids, it is possible to develop alloys 
that have the particular properties required for 
a given use. 



Table 5-1 lists some common metals and 
metalloids, and gives the chemical symbol that 
is used to identify each element. 

STRESS AND STRAIN 

When external force is applied to any ma- 
terial, the material is subjected to stresses and 
is always strained to some extent. Many of the 
properties of metals can best be understood in 

Table 5-1. -Symbols of Common Metals 
and Metalloids. 



Element Symbol 



Aluminum Al 

Antimony Sb 

Cadmium Cd 

Carbon C 

Chromium Cr 

Cobalt Co 

Copper Cu 

Iron Fe 

Lead Pb 

Magnesium Mg 

Manganese Mn 

Molybdenum Mo 

Nickel Ni 

Phosphorus P 

Silicon Si 

Sulfur S 

Tin Sn 

Titanium Ti 

Tungsten W 

Vanadium V 

Zinc Zn 



11.377 
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terms of the manner in which the substance re- 
acts to stresses. Before considering the proper- 
ties of metals and alloys, therefore, let us first 
examine the concepts of stress and strain. 

Although the two terms are often used as 
though they meant the same thing, stress and 
strain have different meanings. STRESS is the 
amount of internal force with which a material 
resists a change in shape. STRAIN is the de- 
formation or change in shape that is caused by 
the applied load. For example, a length of pipe 
supported on each end will sag or bow unless the 
internal force within the material is great enough 
to resist the change. The external force is, in 
this case, the force of gravity acting upon the 
weight of the pipe. The internal force by which 
the pipe is kept rigid and straight is called 
stress. When the internal stress is not great 
enough to keep the pipe from sagging, a notice- 
able change occurs in the shape and dimensions 
of the pipe. This change In shape and dimen- 
sions is called strain. Some strain always occurs 
as a reaction to stress, although in many cases 
the change in shape and dimensions will be so 
small as to be almost unmeasurable. 

Stress is not the same thing as load. The 
load is the external applied force, while the 
stress is the internal force with which the ma- 
terial resists the applied force. However, the 
stress times the working cross -sectional area is 
EQUAL TO the load. Why? Newton's third law of 
motion states that "To every force or action 
there is always an equal and opposite reaction.* 
Stress, therefore, is the "equal and opposite" 
reaction to the applied load. Thus, the same unit 
of measurement is used for both load and stress. 
In most engineering applications, the unit of 
measurement is pounds per square inch; how- 
ever, in some cases it is more convenient to use 
pounds per square foot, tons per square foot, or 
some other unit. 

We have said that stress is always "equal 
and opposite" to the applied load, and we have 
seen why stress times the working cross- 
sectional area is numerically equal to load. 
When we say that stress is OPPOSTIE to load, 
we mean that the internal force (stress) acts in 
a direction that opposes the load. To understand 
this more fully, we will need to see what causes 
stress. 

Stress occurs because molecular forces 
within the material resist the change of shape 



that an applied load tends to produce. In other 
words, stress results from the resistance of the 
molecules to being shifted around, pulled apart, 
or squeezed together. Because stress involves 
molecular forces, a piece of metal that is sub- 
jected to a load develops an enormous number of 
stresses, rather than just one stress. To visual- 
ize these stresses, imagine trying to draw a 
picture or diagram in which you use arrows to 
indicate the molecular forces of attraction and 
repulsion between each molecule and all the 
other molecules around it. If you had more than 
a very few molecules, you would have to draw 
thousands or perhaps millions of arrows to in- 
dicate all the molecular forces involved. For the 
sake of simplicity, therefore, we often speak of 
stress as though it were one internal force, 
acting in one direction —that is, the direction op- 
posite to the direction of the applied load. In 
other words, we consider the TOTAL EFFECT 
of all the molecular stresses, rather than trying 
to consider each set of molecular stresses sepa- 
rately. 

The manner in which the load is applied de- 
termines the type of stress that will develop. 
Applied forces are usually considered as being 
of three basic kinds: tension (or tensile) forces, 
compression forces, and shearing forces. The 
basic stresses, therefore, are tension (or tensile) 
stresses, compression stresses, and shearing 
stresses. Complex stresses such as bending 
stresses and torsional stresses are combina- 
tions of two or more of the basic stresses. 

TENSION STRESSES are developed when a 
material is subjected to a pulling action. If, for 
example, a cable is fastened to an overhead and 
a weight is attached to the free end, tension 
stresses are developed within the cable. The 
tension stresses resist the tension forces that 
tend to pull the cable apart. Figure 5-1 shows 
tension forces and the resulting "equal and op- 
posite" tension stresses. 

COMPRESSION STRESSES develop within a 
material to oppose the forces that tend to com- 
press or crush the material. A column that sup- 
ports an overhead weight is said to be in com- 
pression, and the internal stresses that develop 
within the column are compression stresses. 
Figure 5-2 illustrates compression forces and 
compression stresses. 

SHEARING STRESSES are developed within 
a material when opposite external forces are ap- 
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Figure 5-l.-Tension forces and 
tension stresses. 
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plied along parallel lines in such away as to tend 
to cut the material. Shearing forces tend to sepa- 
rate material by sliding part of the material in 
one direction and the rest of the material in the 
opposite direction. The action of a pair of 
scissors is an example of shear forces and shear 
stresses. The scissors apply shear forces, and 
the material being cut resists the shear forces 
by its internal shear stresses. Forces tending to 
produce shear in a rivet are illustrated in figure 
5-3. Shear stresses are not shown, since they are 
considerably more complex than tension stresses 
and compression stresses. 

BENDING STRESSES develop when a ma- 
terial is subjected to external forces that tend to 
bend it. When a load is applied to a beam, for 
example, as shown in figure 5-4, the upper sur- 
face is in compression and the lower surface is 
in tension. The NEUTRAL AXIS, indicated by the 
broken line in figure 5-4, is neither in com- 
pression nor in tension. 

TORSIONAL STRESSES are developed in a 
material when external forces are applied in such 
a way that they tend to produce rotation. A ship's 
shaft, for example, rotates when the external ap- 
plied forces are greater than the internal 
torsional stresses developed in the shaft. Tor- 
sional stress is primarily a special form of shear 
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Figure 5- 2. -Compression forces and 
compression stresses. 
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LINE OF SHEAR 
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Figure 5-3.-Shearing forces applied to a rivet. 

stress, although it may also involve some com- 
pression stress and some tension stress. 



PROPERTIES OF METALS 

The particular properties that we require of 
any metal or alloy depend upon the use we will 
make of the material. For example, an anchor 
chain must have the property of toughness; a 
boiler tube must have high tensile strength, the 
ability to conduct heat, and the ability to resist 
deformation at high temperatures; an electric 
wire must be able to conduct electricity; a knife 
blade must have the property of hardness; a 
spring must be elastic; a salt water piping sys- 
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Figure 5-4.-Load applied to a beam. 
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tern must resist corrosion; and a piece of metal 
that is to be drawn out into a wire must possess 
the property known as ductility. The following 
sections deal with some important properties of 
metals and alloys. 

ELASTICITY 

As previously noted, a deformation or 
change of shape (strain) occurs when a material 
is subjected to external forces that cause 
stresses in the material. The ability of a material 
to return to its original size and shape after 
strain is the property known as ELASTICITY. 

All materials are elastic to some extent. It 
may surprise you to learn that apiece of steel is 
more elastic than a rubber band. The rubber 
band stretches more than the steel, since it is 
more easily strained, but the steel returns more 
nearly to its original shape and size and is there- 
fore more truly elastic. Glass is also more 
elastic than rubber. 

The greatest stress which a material is 
capable of withstanding without taking a permanent 
set (that is, without becoming permanently de- 
formed) is known as the ELASTIC LIMIT. Below 
the elastic limit, the amount of strain is directly 
proportional to the amount of stress (and. there- 
fore, to the amount of externally applied force). 
Above the elastic limit, however, the amount of 
deformation that results from an increase in 
load is way out of proportion to the increase in 
load. 

Strain may be axial, angular, or both, de- 
pending upon the nature of the applied load and 
the stresses that are developed within the ma- 
terial to withstand the applied load. When the 
elastic limit is exceeded through the application 
of an axial load, the material will be permanently 
deformed either by ELONGATION or by COM- 



PRESSION. When the applied load is not axial 
(as in shear and torsion) the resulting strain is 
angular and, if permanent deformation results, 
the deformation is also angular. 

As noted before, the amount of strain is 
proportional to the amount of stress up to (or 
almost up to) the elastic limit. The ratio of 
stress to strain is, therefore, a constant for each 
material. This constant, which is called the 
MODULUS OF ELASTICITY, is obtained by 
dividing the stress by the elongation per unit 
length caused by that stress. For example, sup- 
pose that a certain material is so loaded that the 
internal stress developed in tension is 30,000 
psi, and that with this stress the material 
elongates 0.0015 inch per inch. The modulus of 
elasticity of this material is: 

Modulus of Stress (psi) 

Elasticity, E - Elongation (inch per 

u 30,000 psi 

" 0.0015 inch per inch 
= 20,000,000 psi 

The modulus of elasticity is frequently used 
to determine the amount of elongation that will 
occur when a given stress is developed in the 
material. For this purpose, you divide the stress 
by the modulus of elasticity in order to obtain 
the elongation (inch per inch) that will occur. 

Closely related to the elastic limit of a ma- 
terial is the YIELD POINT. The yield point is 
the stress at which deformation of the material 
first increases markedly without any increase in 
the applied load. The yield point is always some- 
what above the elastic limit. When the stresses 
developed in a material are greater than the 
yield point (or, as it is sometimes called, the 
yield strength), the material is considered to be 
damaged. 

STRENGTH 

Strength is the property that enables a ma- 
terial to resist deformation. ULTIMATE 
STRENGTH is the maximum stress which a ma- 
terial is capable of withstanding in tension, com- 
pression, or shear. TENSILE STRENGTH, or the 
ultimate strength of a material in tension, is the 
term most frequently used to describe the 
strength of a material. In a tensile strength test, 
increasingly heavy loads are applied up to the 



Chapter 5- METALS AND ALLOYS 



point where the material experiences its maxi- 
mum stress. At this point the load is reduced but 
the material continues to elongate; necking be- 
gins, and the material eventually breaks. Tensile 
strength is computed by dividing the MAXI- 
MUM load applied during the tension test by the 
original cross-sectional area of the specimen 
being tested. 

Tg a Load (pounds) 

Area (square inches) 
= Tensile Strength (psi) 

Some materials are equally strong in com- 
pression, tension, and shear. However, many 
materials show marked differences. For ex- 
ample, cured Portland cement has an ultimate 
strength of 2000 psi in compression but only 400 
psi in tension. Carbon steel has an ultimate 
strength of 56,000 psi in tension and in com- 
pression, but an ultimate strength in shear of 
42,000 psi. When dealing with ultimate strength, 
therefore, the kind of loading (tension, com- 
pression, or shear) should always be stated. 

If a material is stressed repeatedly, in a 
cyclical manner, it will probably fail at a load- 
ing that is considerably below its ultimate 
strength in tension, compression, or shear. For 
example, you can break athin steel rod with your 
hands, after it has been bent back and forth 
several times in the same place, although you 
could not possibly cause an identical rod to fail 
in tension, compression, or shear merely from 
force applied by hand. This tendency of a ma- 
terial to fail after repeated stressing at the 
same point is known as FATIGUE. 

HARDNESS 

The property of hardness has been defined 
as the ability of a material to resist penetration. 
Because there are several methods of measuring 
hardness, the hardness of a material is always 
specified in terms of the particular test that has 
been used to measure this property. 

To get a simple idea of the property of hard- 
ness, consider lead and steel. You can scratch 
lead with a pointed wooden stick, but you cannot 
scratch steel with such a stick. Steel is harder 
than lead. 



TOUGHNESS 

Toughness is the property that enables a 
material to withstand shock, to endure tensile 
stresses, and to be deformed without breaking. 
Another way of expressing this is to say that a 
tough material is one which can absorb a lot of 
energy before breaking. 

PLASTICITY 

Materials that can withstand extensive per- 
manent deformation without breaking or rup- 
turing are said to be highly plastic. Note the use 
of the word "permanent" in this statement; the 
term PLASTIC DEFORMATION is used to indi- 
cate a PERMANENT change of shape. Modeling 
clay is an example of a highly plastic material, 
since it can be deformed extensively and per- 
manently without rupturing. Clay could scarcely 
be called tough, however, even though it is highly 
plastic. 

Plasticity is in some ways the opposite of 
brittleness and in other ways the opposite of 
elasticity. A material that is brittle will break 
without showing any visible deformation; conse- 
quently, such a material is not very plastic. A 
material that is highly elastic will return to its 
original shape and size after strain; conse- 
quently, such a material does not show a high 
degree of plasticity (below the elastic limit for 
the substance). Most metals are elastic, rather 
than plastic, up to the elastic limit; above the 
elastic limit, they tend to have the property of 
plasticity. 

Plasticity, like many other properties, is a 
relative thing. To some degree, all substances 
are plastic. Even glass, which is sometimes 
mentioned as the perfect example of a nonplastic 
material, is plastic if an external force is applied 
to it very slowly. If you want to demonstrate this 
to yourself, take a sheet of glass and lay it in a 
horizontal position in such a way that it is sup- 
ported only at the ends. Then put a small but 
heavy weight in the middle of the glass. After 
several days (or possibly weeks, depending upon 
the kind of glass you use) you will be able to ob- 
serve a visible deformation of the glass. 

The substance known as "Silly Putty" is an 
even better example of the relative nature of the 
property of plasticity. When you press or mold 
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"Silly Putty,* it is more plastic than second- 
hand chewing gum; throw it against the floor, and 
it may eitherTxmnce like a rubber bailor break 
into pieces; hit it sharply with a hammer, and it 
will shatter almost like glass. 

DUCTILITY AND MALLEABILITY 

The properties known as ductility and 
malleability are special cases of plasticity. 
DUCTILITY is the property that makes it pos- 
sible for a material to be drawn out into a thin 
wire— or, in other words, it is the property 
that enables the material to withstand extensive 
permanent deformation from TENSION. MAL- 
LEABILITY is the property that makes it pos- 
sible for a material to be stamped, hammered, 
or rolled into thin sheets— in other words, a 
malleable material is one that can withstand 
extensive permanent deformation from COM- 
PRESSION. 

Most metals that exhibit one of these 
properties also exhibit the other. However, 
this is not always true. Lead, for example, is 
very malleable (it can be permanently de- 
formed in compression without breaking) but 
it is not ductile (it cannot be permanently de- 
formed in tension to any great extent). 

CREEP RESISTANCE 

The term CREEP is used to describe a 
special kind of plastic deformation that occurs 
very slowly, at high temperatures, when the 
material is under a constant stress. It is inter- 
esting to note that this stress may be consid- 
erably less than the yield point of the material 
at room temperature. Because creep occurs 
very slowly (so slowly, in fact, that years are 
required to complete a single creep test), the 
importance of this type of plastic deformation 
has not been recognized until fairly recently. 
Creep -resisting steel is now used in most 
modern naval ships for high temperature piping. 

BRITTLE NESS 

We have already defined brittleness, in- 
directly, by saying that it is in some way the 
opposite of plasticity and in another sense the 
opposite of toughness. A brittle material is one 



that fractures before exhibiting any noticeable 
permanent deformation. 

WELDABILITY AND MACHINABILITY 

Although not strictly properties, in the 
sense of the other properties we have dis- 
cussed, weldability and machinability are im- 
portant practical considerations in the fabrica- 
tion or repair of any metal part. WELDABILITY 
refers to the relative ease with which a metal 
may be welded. MACHINABILITY is the term 
used to describe the ease with which a metal may 
be turned, planed, milled, or otherwise shaped in 
the machine shop. Some metals are not easily 
machined because they are too hard. Some soft 
metals are not easily machined because they are 
too tough. Both weldability and machinability are 
really based upon the COMBINATION of other 
properties of the material, rather than being 
properties in themselves. 

THERMAL CONDUCTIVITY 

The thermal conductivity of a substance is 
the measure of the ability of the substance to 
conduct heat. Thermal conductivity is expressed 
numerically, but you have to be cautious about 
trying to interpret the number until you know 
what definition was followed in arriving at the 
number. Several definitions are commonly used, 
including: 

L Thermal conductivity is the quantity of 
heat (in Btu) that flows during 1 hour through a 
piece of material that is 1 square foot in area 
and 1 FOOT thick, when there is a 1°F 
difference in temperature between the two 
faces. 

2. Thermal conductivity is the quantity of 
heat (Btu) that flows during 1 hour through a 
piece of material that is 1 square foot in area 
and 1 INCH thick, when there is a 1°F 
temperature difference. 

3. Thermal conductivity is the quantity of 
heat (Btu) that flows during 1 hour through a 
1-inch cube when there is al° F temperature 
difference. 

As you can see, the number used to indicate 
the thermal conductivity of any substance cannot 
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be the same in all of these definitions. Conse- 
quently, it is important to notice the way in which 
thermal conductivity is defined before accepting 
a numerical value for this property. 

Thermal conductivities should also be speci- 
fied in terms of the temperature at which the 
conductivity test is made, since the temperature 
definitely affects this property. In general, the 
thermal conductivity of metals decreases as the 
temperature increases. For example, the ther- 
mal conductivity of pure iron is 39.0 at 64° F but 
is 36.6 at 212°F (by the first definition of ther- 
mal conductivity). However, in some metals there 
is an increase in thermal conductivity with an 
increase in temperature. The thermal conduc- 
tivity of aluminum is 117 at 64° F but it is 119 at 
21 2° F (again, by the first definition) . Most metals 
have high thermal conductivity, as compared 
with nonmetallic substances. 



CORROSION RESISTANCE 

Corrosion resistance is the property that 
enables a material to resist entering into chem- 
ical combination with other substances. A high 
degree of corrosion resistance would be very 
desirable in all metals used aboard ship. Most 
metals are easily corroded, however, as shown 
by the fact that pure metals occur only rarely 
in nature. 

The presence of impurities, or the presence 
of alloying elements, may greatly alter the cor- 
rosion resistance of a metal. For example, the 
zinc which is known as "commercially pure" 
contains a small amount of impurities; this 
grade of zinc corrodes about 10,000 times as 
fast as zinc that is chemically pure. On the 
other hand, many alloys have been developed for 
the particular purpose of increasing the cor- 
rosion resistance of the material. For example, 
pure iron would be entirely unsuitable for use in 
boilers because it has very poor resistance to 
corrosion, particularly at high temperatures; 
yet alloys composed primarily of iron are used 
successfully for this service. 

TYPES OF METALS 

Metals and alloys are divided into two gen- 
eral classes: ferrous andnonferrous. FERROUS 
metals are those that are composed primarily of 



iron. NONFERROUS metals are those that are 
composed primarily of some element or ele- 
ments other than iron. Nonferrous metals or al- 
loys sometimes contain a small amount of iron 
as an alloying element or as an impurity. 

FERROUS METALS 

Ferrous metals include all forms of iron 
and steel. Ferrous metals are widely used in the 
construction of ships. 

Commercially pure iron is known as INGOT 
IRON. This iron is about 99.85 percent iron; car- 
bon, manganese, phosphorus, sulfur, and a trace 
of silicon make up the remainder. The chemical 
composition of this iron is very similar to the 
chemical composition of the lowest carbon steel. 

WROUGHT IRON was used entensively for 
construction and even for machinery before 
steels came into common use. Wrought iron is 
a mixture of very pure iron and silica slag. 
The slag gives wrought iron some of its desir- 
able properties— corrosion resistance, weld- 
ability, and ductility, among others. Wrought 
iron is still used for some piping systems on 
auxiliary ships. 

Basically, all steels are alloys of iron and 
carbon. In some steels, other alloying elements 
are added in order to develop certain properties. 

The very large number of steels in use, and 
the enormous number of uses to which they are 
put, has led to the development of conflicting 
definitions and overlapping classifications of the 
steels. You will find that steels are classified on 
the basis of the method of manufacture, method 
of shaping, method of heat treatment, commer- 
cial use, properties, and chemical composition. 
In addition, steels are often referred to by trade 
names that have nothing at all to do with any of 
these classifications. The result is pure con- 
fusion. 

When classified according to the method of 
manufacture, steels are known as (1) basic 
open-hearth, (2) basic electric, (3) acid Bes- 
semer, (4) acid electric, or (5) acid open-hearth. 
The method of manufacture has a lot to do with 
the properties of the finished steel, so these 
distinctions are important to metallurgists and 
to design engineers. Since the method of manu- 
facture is not usually important to the Boiler- 
maker, these processes will not be discussed 
in this training manual. 
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When classified according to the method of 
shaping, steels are often referred to as cold 
rolled steel, forged steel, drawn steel, and so 
forth. 

Classifying steels according to the method 
or methods of heat treatment leads to such 
terms as annealed steel, casehardened steel, 
and so forth. Terms used in connect ion with heat 
treatment will also be discussed later in this 
chapter. 

When classified according to commercial 
use, steels are commonly divided into such 
groups as the ones described in the following 
paragraphs. It is important to remember that 
the steels listed in one group may have— and, 
indeed, usually do have— other uses as well. 

BOILER AND FIREBOX STEELS are those 
that are suitable for use in the construction of 
boilers, fireboxes, flanges, etc. A distinguishing 
feature of these steels is their ability to be 
formed cold. 

STRUCTURAL STEELS are the steels used 
in the construction of buildings, bridges, ships, 
and other structures. Boiler steels are often 
included in this class. 

SPRING STEELS are used to make allkinds 
of springs. This group includes some plain car- 
bon steels and several alloy steels. 

MACHINERY STEEL is the term sometimes 
used to describe all steels used in the manu- 
facture of machine parts. 

ELECTRICAL STEELS are usually very low 
carbon steels that contain 3 to 4 percent silicon. 
The silicon gives these steels good electrical 
properties and makes them suitable for use in 
the manufacture of electrical machinery. 

PIPE AND WELDING STEELS are soft 
steels used to make welded pipe. 

TOOL STEELS are steels that are used 
especially for working and shaping metals, 
either by hand or by machine. The total number 
of tool steels is very large; the group is some- 
times divided into subclasses of cutting tool 
steels, shearing tool steels, and forming tool 
steels. All tools must be hard, tough, heat re- 
sisting, and highly resistant to distortion. The 
so-called high speed steels are usually con- 
sidered as a subclass under tool steels. 

Classifying steels according to properties 
gives us such classes as corrosion-resisting 
steels (CRS or CRES); heat-resisting steels; 
low-expansion steels; free machining or free 



cutting steels, casehardening steels; high ten- 
sile steel (HTS); and special treatment steel 
(STS). 

Probably the most reasonable way to class- 
ify steels is by their chemical composition. 
Steels that derive their properties primarily 
from the presence of carbon are referred to 
merely as "steels" or sometimes as "plain 
carbon steels." Steels that derive their prop- 
erties primarily from the presence of some 
alloying element other than carbon are re- 
ferred to as "alloys" or as "alloy steels." 
Note, however, that plain carbon steels always 
contain traces of other elements and that alloy 
steels always contain some carbon. And note, 
also, that the use of the word "alloy" should not 
really be limited to mean an alloy steel, since 
there are many alloys that contain no iron at all 
and are therefore not steels. 

PLAIN CARBON STEELS vary in carbon 
content from about 0.05 percent to as much as 
1.70 percent carbon. The properties of the steel 
depend upon the amount of carbon present and 
upon the particular way in which the iron and 
the carbon combine. The plain carbon steels 
are known (in increasing order of the amount of 
carbon present) as mild steel, low carbon steel, 
medium carbon steel, high carbon steel, and 
very high carbon steel. 

The ALLOY steels are identified by the 
name of the alloying element or elements, 
usually without reference to the carbon that is 
also present. Alloy steels are further identified 
as "low alloy steels" or as "high alloy steels,* 
depending upon the amount of alloying material 
that is present. Some common alloy steels are 
described briefly in the following paragraphs. 

The low alloy NICKEL STEELS contain 
from 3.5 to 5 percent nickel. The nickel is used 
to increase strength and toughness. Nickel steels 
containing more than 5 percent nickel have in- 
creased resistance to corrosion and to scale. 

CHROMIUM STEELS are those to which 
chromium has been added in order to improve 
hardenability, wear resistance, and strength. 
Some of the chromium steels contain from 0.20 
to 0.75 percent chromium and 0.45 percent car- 
bon; others contain both more chromium and 
more carbon. Some of these steels that have a 
higher chromium and carbon content (about 1 
percent of each) are so highly resistant to wear 
that they are used for the races and balls in 
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antifriction bearings. Chromium steels con- 
taining even more chromium are highly resis- 
tant to corrosion and to scale. 

The CHROMIUM. NICKEL STEELS combine 
some advantages of the nickel steels with some 
advantages of the chromium steels. Chromium- 
nickel steels are used for a variety of purposes 
where toughness, ductility, strength, and surface 
hardness are required to meet severe demands 
of service. Examples of such use are drive 
shafts, connecting rods, axles, and gears. 

The CHROMIUM- VANADIUM STEELS are 
strong, resistant to fatigue, and resistant to 
creep. These steels are used for axles, shafts, 
driving parts, gears, springs, and other heavy 
duty services. Because chromium-vanadium 
steels are resistant to creep, they are used for 
some valves and valve springs in high temper- 
ature service. 

TUNGSTEN STEELS are widely used as tool 
and die steels. Tungsten imparts to steel the 
property known as "red hardness"— that is, the 
ability to maintain hardness at temperatures 
that cause the steel to become red hot. Some 
of the tungsten steels are known as high speed 
steels because they maintain hardness and con- 
tinue to cut at high speeds. 

In the MOLYBDENUM STEELS, molyb- 
denum is added primarily to increase the effects 
of the other alloying elements. Molybdenum is 
sometimes used with carbon alone, but it is 
more often used in combination with carbon and 
other alloying elements such as nickel, man- 
ganese, chromium, silicon, and vanadium. In gen- 
eral, the addition of molybdenum tends to in- 
crease (1) ductility and toughness, (2) mach- 
inability while increasing hardness, and (3) 
creep resistance. 

A number of MANGANESE STEELS are in 
use. The amount of manganese used varies 
widely, depending upon the properties that are 
desired in the finished product. Small amounts 
of manganese tend to produce strong, free 
machining steels. Larger amounts (between 2 
and 10 percent) produce a somewhat brittle 
steel, while still larger amounts (11 to 14 per- 
cent) produce a steel that is tough and very 
resistant to wear after proper heat treatment. 

SILICON STEELS are used for many elec- 
trical applications. The addition of silicon tends 
to improve the electrical qualities of the steel. 



Low alloy SILICON-MANGANESE STEELS 
are used in applications where high elasticity 
is desirable and where high shock resistance 
is not too important. 

A great many steels are included in the 
group known as STAINLESS STEELS. Most of 
these are chromium steels or chromium -nickel 
steels. Perhaps the most widely known alloy in 
this group is the steel that is often referred to 
as 18-8 (18 percent chromium and 8 percent 
nickel). A group of relatively low alloy stainless 
steels are known as 4-6 chromium steels because 
they contain from 4 to 6 percent chromium. 
Stainless steels are in general referred to as 
CORROSION-RESISTING STEELS; this term is 
sometimes abbreviated as CRES and sometimes 
as CRS. It is important to remember, however, 
that many other alloys (including some that are 
not steels at all) are also referred to as 
CORROSION-RESISTING ALLOYS. 

You should be familiar with the system of 
steel classification used by the Society of 
Automative Engineers (SAE). This system, which 
is in common use, utilizes a four-digit or five- 
digit number to indicate the composition of the 
steel. The first digit indicates the type of steel: 
1 stands for carbon steel; 2 is nickel steel; 3 is 
nickel- chromium steel; 4 is molybdenum steel; 
5 is chromium steel; 6 is chromium- vanadium 
steel; 7 is tungsten steel; 8 is "National Emer- 
gency" steel; and 9 is silicon-manganese steel. 
(The group identified as "National Emergency" 
steel, number 8 in the SAE system, includes 
various low alloy nickel-chromium-molybdenum 
steels developed during World War II. Much of 
the alloy content of these steels can be derived 
from scrap alloy, thus conserving the supply of 
alloy materials. These steels are retained in 
most steel classifications today.) 

The second digit (and sometimes the third) 
in the SAE number indicates the series within 
the group indicated by the first digit. The term 
"series" in this connection usually refers to the 
percentage of the chief alloying element. Some- 
times the second (and, where applicable, the 
third) digit gives the actual percentage of the 
chief alloying element; in other cases, however, 
the second digit may be used to indicate the 
relative POSITION of the series in the group, 
without reference to the actual percentage. 
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The last two or three digits indicate the aver- 
age carbon content of the steel. In order to 
make the various steels fit into this classifica- 
tion, it is sometimes necessary to vary the 
system slightly. However, such variations are 
easily understood if you understand the system. 
Let's take a few examples: 

(1) SAE 1035. The first digit is 1, so this 
is a carbon steel. The second digit, 0, indicates 
that there is no other important alloying ele- 
ment; hence, this is a PLAIN carbon steel. The 
next two digits, 35, indicate that the AVERAGE 
percentage of carbon in steels of this series is 
0.35 percent. The actual carbon percentage in 
this series ranges from 0.32 to 0.38. 

(2) SAE 1146. This is a carbon steel (first 
digit) with an average manganese content of 
1.00 percent (second digit) and an average car- 
bon content of 0.46 percent. The 1100 series of 
steels are known as free cutting steels. 

(3) SAE 4017. The first digit, 4, indicates 
that this is a molybdenum steel. The second 
digit, 0, indicates that there is no other equally 
important alloying element; hence, this is a 
plain molybdenum ^teel. The last two digits, 17, 
indicate that the average carbon content is 0.17 
percent. 

Other series within the molybdenum steel 
group are indicated by the second digit. If the 
second digit is 1, the steel is a chromium- 
molybdenum steel; if the second digit is 3, the 
steel is a nickel -chromium -molybdenum steel; 
if the second digit is 6, the steel is a nickel- 
molybdenum steel. In such cases, the second 
digit does not indicate the actual percentage of 
the alloying elements other than molybdenum. 

(4) SAE 51100. This number indicates a 
chromium steel (first digit) with approximately 
1.0 percent chromium (second digit) and an 
average carbon content of 1.00 percent (last 
three digits). The actual chromium content of 
SAE 51100 steels may vary from 0.95 to 1.10. 

(5) SAE 52100. This number indicates a 
chromium steel (first digit) of a higher alloy 
series (second digit) than the SAE 51100 steel 
just described. Note, however, that in this case 
the second digit, 2, merely identifies the series 
but does NOT indicate the percentage of chrom- 
ium; a 52100 steel would actually have from 
1.30 to 1.60 percent chromium, with an average 
carbon content of l.OOpercent (last three digits). 



(6) SAE 71660. In this number, the second 
and third digits indicate the percentage of the 
chief alloying element. This is a tungsten steel 
(first digit) that contains approximately 16 per- 
cent tungsten (second and third digits) and has 
an average carbon content of 0.60 percent (last 
two digits). 

Navy blueprints and the drawings of equip- 
ment furnished in the manufacturers' technical 
manuals usually specify materials by Federal 
or Military specification numbers. For ex- 
ample, the coupling on a particular oil burner 
is identified as "cast steel, class B, MIL-S- 
15083" and a lever on a particular safety valve 
is identified as "tool steel, MIL-S-15046." In 
some cases, however, the Navy blueprints and 
the manufacturers' drawings specify materials 
according to the SAE system just described, 
the ASTM (American Society for Testing Ma- 
terials) system, the AISI (American Iron and 
Steel Institute) system, or other metals class- 
ification systems. 

There is usually some relationship between 
the Federal or Military specifications and one 
or more of the commercial classification sys- 
tems. If you check through Group 95, Navy Stock 
List of General Stores , you will often find that 
the Military specification includes the SAE 
number. For example, carbon steel, MIL-S- 
866, Class 1016, is described as similar to 
SAE steel 1015. 

NONFERROUS METALS 

Although ferrous metals are used in greater 
quantities than the nonferrous metals aboard 
ship, the nonferrous metals are nevertheless of 
great importance. Copper, zinc, lead, and a 
large number of nonferrous alloys are required 
in the construction and maintenance of naval 
ships. 

Copper 

Copper is one of the most important non- 
ferrous metals used in the construction of a 
ship. It is used in the form of sheets, tubing, 
wires, and in copper alloys such as brass and 
bronze. It is used to give a protective coating 
to other metals, and to fabricate many special 
parts. 
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The properties of copper make it extremely 
useful for many applications. It is easy to work, 
being ductile, malleable, tough, strong, resistant 
to wear, and machinable. Copper is highly re- 
sistant to saltwater corrosion and is an excellent 
conductor of both heat and electricity. Copper 
seams are usually joined by riveting, brazing, or 
soldering. 

Zinc 

Zinc is used as a protective coating (gal- 
vanizing) on steel and iron. Zinc is also used in 
soldering fluxes and as an alloying element in 
some brass and bronze. 

High-purity zinc, in the form of sheets, 
rods, or special shapes, is used to protect hulls, 
hull fittings, and many types of machinery from 
the effects of galvanic action. 

Lead 

Lead is probably the heaviest metal that you 
will ever use on board ship. Lead weighs about 
700 pounds per cubic foot, but in spite of its 
weight it is soft and malleable. Lead is com- 
monly supplied in sheet form, rolled up on a 
rod; to use it, you merely unroll it and cut off 
as much as you need. 

Because of its softness, lead is often used 
as a backing material for punching and ham- 
mering operations. Sheet lead is used to line 
sinks and to protect bench tops which are ex- 
posed to acids. Lead is also used as a radiation 
shield. 

Tin 

Tin is seldom used aboard ship in its pure 
state, but it has many important uses as an al- 
loying element. Tin and lead are used together 
to make soft solders; tin and copper are used 
together to make bronze. Tin and tin-base alloys 
have, in general, high resistance to corrosion. 

Brass 

True brass is an alloy of copper and zinc. 
Additional elements-aluminum, lead, tin, iron, 
manganese, or phosphorus-may be added to 
give the alloy specific properties. Rolled naval 
brass (also known as Tobin bronze) is about 60 



percent copper, 39 percent zinc, and 0.75 per- 
cent tin. This type of brass is highly resistant 
to corrosion. 

Brass sheets and strips are available in 
grades known as soft, 1/4 hard, 1/2 hard, full 
hard, and spring. Hardness is imparted to the 
brass by the process of cold rolling. All grades 
of brass can be made softer by annealing the 
metal at a temperature of 550° to 600° F. 



Bronze 

A bronze made of 84 percent copper and 16 
percent tin was the best metal available for 
tools, weapons, etc., before techniques were 
developed for making steel. Many complex 
bronze alloys, containing additional elements 
such as zinc, lead, iron, aluminum, silicon, 
and phosphorus, are now available. The name 
bronze is now applied to any copper -base alloy 
that looks like bronze; in many cases, there is 
no longer a real distinction to be made between 
bronze and brass. 

Copper- Nickel Alloys 

A number of copper -nickel alloys are used 
in naval ships. Alloys containing 70 percent 
copper and 30 percent nickel, or 90 percent 
copper and 10 percent nickel, are used for salt 
water piping systems because of their high re- 
sistance to corrosion. Copper-nickel alloys have 
the general working characteristics of copper, 
and are fabricated by either hot or cold working 
processes. Brazing or manual shielded metal 
arc welding may be used to join copper-nickel 
alloys. 

Nickel-Copper Alloys 

Monel and K-monel are alloys in which 
nickel is the predominating element. Monel 
contains from 64 to 68 percent nickel, about 30 
percent copper, and small amounts of iron, 
manganese, and cobalt. Monel is a highly ductile 
alloy, and is harder and stronger than either 
nickel or copper. It has many of the properties 
of stainless steel, which it resembles in ap- 
pearance; the high resistance to corrosion of 
this alloy makes it generally superior to steel 
in any system or service where corrosion re- 
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sistance is of primary importance. Aboard ship, 
Monel is used for pump rods, turbine blades, 
steam valves, control fittings, nuts, bolts, 
screws, and other parts. 

K-monel is similar to Monelbut has greater 
tensile strength and greater hardness. K-monel 
is used for such varied items as propeller shafts 
(PT boats) and small ball bearings used in cer- 
tain instruments, 

Inconel 

Inconel is a high nickel alloy often used 
in engine exhaust systems and for other 
parts where heat resistance is important. This 
alloy contains 78.5 percent nickel, 14 percent 
chromium, 6.5 percent iron, and 1 percent of 
other elements. Inconel is highly resistant to 
creep. 

Aluminum and Aluminum Alloys 

Aluminum and aluminum alloys are widely 
used because they are light in weight, easily 
worked, and strong in relation to their weight. 
There are now so many different types of 
aluminum alloys in use that a special numbering 
system has been adopted for these alloys. 

Stellite 

Cobalt is the primary element in the alloy 
known as stellite. This alloy , which also contains 
chromium, nickel, and either tungsten or molyb- 
denum, is extremely strong even at red-heat 
temperatures. It is also highly resistant to cor- 
rosion and to wear. In naval ships, stellite is 
widely used for the seating surfaces of high 
pressure, high temperature valves. 

Bearing Metals 

A number of nonferrous alloys are used 
as bearing metals. In general, these alloys are 
tin base, lead base, copper base, or aluminum 
base. The term "babbitt metal" is often used 
for lead-base and tin-base alloys used for bear- 
ing surfaces. The tin-base babbitts are used 
in preference to lead-base babbits where high 
bearing pressures and temperatures must be 
sustained. 



IDENTIFICATION OF METALS 

Because of the large number of metals in 
use, and because of the importance of correct 
identification and selection of metals, the Navy 
uses marking codes and symbols to aid in the 
identification of metals. Because all metals that 
you work with may not be marked, you must also 
learn to identify metals by their surface appear- 
ance when this is possible. Since markings may 
be missing, and since merely inspecting the sur- 
face appearance of metal may not enable you to 
make positive identification of many metals, you 
will have to learn how to perform various tests 
which are used to assist in the identification of 
metals. A knowledge, of the metal marking sys- 
tems used in the Navy, the identification of 
metals by surface appearance, and the tests 
used to identify metals, will aid you in perform- 
ing your duties as Boilermaker. 

METAL MARKING SYSTEMS 

Two marking systems are currently used 
by the Navy to identify metals. One system, 
called CONTINUOUS IDENTIFICATION MARK- 
ING, was designed primarily for the marking 
of ferrous metals. This system is now also used 
to identify some nonferrous metals. The other 
means of marking metals for identification is 
by a COLOR MARKING SYSTEM. This system 
includes the use of color symbols with a related 
color code. Information on both marking sys- 
tems is provided in the following paragraphs. 

Continuous Identification Marking 

Iron and steel products used by the Navy 
are marked by the manufacturer in accordance 
with the requirements of the specifications for 
the material OR in accordance with the require- 
ments given in the appropriate Federal Stand- 
ard on iron and steel identification marking. 
The Federal Standard for marking iron and steel 
in effect at the time of writing of this training 
manual is Fed. Std. No. 183 (revised). Standards 
are constantly under revision; you should always 
be sure to consult the latest Standard in order to 
obtain the most up-to-date information. 

The purpose of the continuous identification 
marking system described in Fed. Std. No. 183 
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is to provide a means for positive identification 
of iron and steel products even after some por- 
tions have been used. The term "continuous 
identification marking" means that the marking 
appears at specified intervals. Thus, if you cut 
off a piece of bar stock, the remaining portion 
will still carry the proper identification. 

The continuous identification marking is 
actually "printed" on the metals with a heavy ink 
that is almost like a paint. As a rule, the manu- 
facturer is required to make these markings on 
materials before delivery. The marking intervals 
for various shapes and forms are specified in 
Fed. Std. No. 183 (revised). 

For iron and steel products, the continuous 
identification marking must include (1) the pro- 
ducer's name or registered trademark, and (2) the 
commercial designation of the material. The pro- 
ducer's name or trademark is that of the producer 
who performs the final processing or finishing 
operation before the material is marketed. The 
commercial designation includes (1) a material 
designation such as an SAE number or an AISI 
(American Iron and Steel Institute) number, and 
(2) a "physical condition" and quality designation- 
that is, the designation of temper or other physical 
condition approved by a nationally recognized 
technical society or industrial association such as 
the American Iron and Steel Institute. Some of the 
physical condition and quality designations for 
various iron and steel products are listed here: 

CR . . . cold rolled QT . . quenched and 

tempered 

CD cold drawn AQ aircraft 

quality 

HR hot rolled CQ commercial 

quality 

ANL annealed DQ drawing 

quality 

NORM . . . normalized ERW. . . electric 

resistance 
weld 

EXTR extruded S seamless 

NT normalized AW arc weld 

and 

tempered 

Some iron and steel products are not in- 
cluded in the continuous identification marking 
system covered by Fed. Std. No. 183. For such 



products, the required marking is included in the 
material specifications. For example, some tubes 
are not marked continuously; instead, the spec- 
ifications may require that tubes of a certain size 
be marked at each end, while smaller tubes may 
be bundled and tagged. 

Continuous identification marking has been 
established for some nonferrous metals as well 
as for iron and steel. Additional nonferrous 
metals may be taken out of the color marking 
system and put under the continuous identifica- 
tion marking system in the future. 

Color Marking System 

For some years, a system of color sym- 
bols with a related color code has been used for 
the identification of nonferrous metals. Although 
the color marking system is being replaced to 
some extent by the continuous identification 
marking system just described, you should still 
be familiar with the nonferrous color system. 
Some of the nonferrous stock that you obtain is 
likely to be marked with color symbols, since 
the material marked and coded under the color 
system may not be entirely used up for several 
years. 

COLOR SYMBOLS.-The term "color sym- 
bol" refers to the color marking actually painted 
on the nonferrous metal. A symbol is a design 
composed of one, two, or three colors. The de- 
sign is painted on a conspicuous area of the 
piece. When the symbol consists of more than 
one color, the colored areas are adjacent to 
each other. 

There are two types of color symbols. 
SPOT symbols that are applied to each end of 
solid stock that is at least 3/4 inch in diameter 
(for circular stock) or at least 3/4 inch in the 
smallest dimension (for other shapes). Spot 
symbols are also used to mark ingots or other 
bulky pieces. PERIPHERAL symbols are used 
primarily for tubular stock and for solid stock 
that is too small for the spot symbols. Peripheral 
symbols are painted in bands around each 
piece, approximately 6 inches from each end. 
Pieces that are too small for either spot or 
peripheral marking may be bundled and tagged; 
in such cases, the spot symbol should be clearly 
marked on the tag. 
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The color symbols, both spot and peripheral, 
are shown in figure 5-5. Notice that the colors 
are referred to as "primary color," "secondary 
color," and "stripe color." The primary color 
and the secondary color (when used) form the 
major part or parts of the design. When both 
primary and secondary colors are used, they 
cover areas of the same size and shape. The 
area of the stripe color in any symbol is always 
noticeably less than the area of the primary or 
the secondary color. The terms "primary" and 
"secondary," incidentally, do not refer to any 
physical or psychological values of the colors; 
instead, they merely indicate the relative alpha- 
betical position of the first letters of the names 
of the colors. 

The purpose of applying the color symbol 
at each end of the piece is to ensure the pres- 



SPOT SYMBOLS 
ONE COLOR 



PERIPHERAL SYMBOLS 




PRIMARY COLOR 



SECONDARY COLOR 



STRIPE COLOR 



W 1 



11.29 

Figure 5-5.— Navy metal color marking guide. 



ence of one symbol even after part of the piece 
has been cut off and used. Don't forget this 
purpose. If for some reason the identifying 
symbol is cut off from both ends, be sure to 
renew the color symbol while you still know 
what the material is. Otherwise, someone will 
be left with the problem of identifying an un- 
marked hunk of metal. 

COLOR CODE.-The color code used for 
the identification of nonferrous metals is re- 
lated to, but is NOT the same as, the color 
symbols just described. The color symbols are 
actual colors, actually painted on the metal. 
The color code is a method of describing these 
symbols in numbers. 

In order to have a numerical color code, 
each color must be given a number. There are 
13 colors used in the color symbols, so the 
numbers used in the color code are 1 through 
13. The colors are arranged alphabetically and 
then assigned a number. Thus the color numbers 
are: 

Black 1 

Blue 2 

Bronze 3 

Brown 4 

Dark blue 5 

Green 6 

Lead 7 

Orange 8 

Purple 9 

Red 10 

Tan 11 

White 12 

Yellow 13 

The color with the lowest number in any 
color symbol (that is, the color name that oc- 
curs first in this alphabetical arrangement) is 
always referred to as the PRIMARY color. The 
primary color is always written or spoken first 
when expressing a color code number. The 
other major color, therefore, becomes the 
SECONDARY color, and is expressed after the 
primary color. When a stripe is used, its color 
number is always expressed last. 

Let's take some examples. A two-color 
symbol composed of red and green would be 
called a "green- red" symbol, and its color 
code would be "6-10." If a blue stripe is 
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added, the color code would be "6-10-2/ Or 
suppose the color symbol is yellow divided into 
two equal areas by a green stripe. In this case, 
yellow must be considered as being both a 
primary color and a secondary color, and is 
therefore written twice. Thus, you would call 
this a M yellow-yellow-green" symbol with a 
color code of "13-13-6." 

IDENTIFICATION BY SURFACE APPEAR- 
ANCE 

It is sometimes possible to identify metals 
by their surface appearance. Although examina- 
tion of the surface does not usually give you 
enough information to classify the metal ex- 
actly, it will often give you enough information 
to allow you to identify the group to which the 
metal belongs. Even this much identification is 
helpful, since it will limit the number of tests 
required for further identification. 

In trying to identify a piece of metal by its 
surface appearance, consider both the color 
and the texture of the surface. Table 5-2 gives 
the surface colors of some common metals. 

The texture of the unfinished metal surface 
may give you some indication of the treatment 
the metal has had and, therefore, some clue as 
to the kind of metal it is. If a piece of metal 
shows evidence of having been in a mold, it may 
be low carbon or cast steel. If the outer surface 
shows marks of rolling or forging, the metal may 
be high carbon steel. The outer surface of 
aluminum usually shows evidence of rolling or 
molding. Unfinished stainless steel may be 
slightly rough on the surface. Wrought iron, 
copper, brass, bronze, Monel metal, and nickel 
have smooth surfaces in the unfinished state. 
Lead, although smooth, has a characteristic 
velvety appearance. 

METAL IDENTIFICATION TESTS 

When the surface appearance of a metal 
does not give enough information to allow pos- 
itive identification, metal identification tests 
may be necessary. A number of such tests are 
used. Some of these tests are complicated and 
require equipment that you are not likely to 
have. Others, however, are relatively simple 
and quite reliable when performed by a skilled 
person. In this training manual we will consider 



the chip test, the oxyacetylene torch test, some 
of the acid tests, and the file hardness test. For 
information on the spark test, which you are also 
required to know, refer to Basic Handtools , Nav- 
Pers 10085-A. 

Chip Test 

To make a chip test, you use a sharp, cold 
chisel to remove a small amount of metal from 
a sample. The ease with which the chipping can 
be done gives some indication of the kind of 
metal you are working with. The size, form, 
and color of the chips and the appearance of the 
edges (whether smooth or sawtoothed) give 
further clues. 

You will not be able to identify metals by 
the chip test method until you have had consid- 
erable experience. You should practice with 
samples of known metals until you have learned 
how to identify carbon steel, carbon -molybdenum 
steel, chromium -molybdenum steel, chromium- 
nickel steel, and other metals. The information 
given in table 5-3 will help you to recognize 
some of the more common metals. 

Oxyacetylene Torch Test 

Metals may sometimes be identified by 
their characteristic reactions to being heated 
with an oxyacetylene welding torch. Identifying 
factors include the rate of melting, the appear- 
ance of the molten metal and slag, and the 
color changes (if any) that occur during the 
heating. Table 5-4 indicates the reactions of 
various metals to the torch test. 

Acid Tests 

If the tests so far described, or the spark 
test discussed in Basic Hand Tool Skills , are 
not sufficient to correctly identify a metal, a 
simple and easily performed acid test may be 
used. 

Four such tests are briefly described here: 
the nitric acid test, the iron nail test, the am- 
monia test, and the cupric chloride test. To 
perform these tests, you need no special train- 
ing in chemistry. However, you must exercise 
great caution in handling the testing substances, 
since many are poisonous, corrosive, or flam- 
mable. 
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Table 5-2.-Identification of Metals by Surface Appearance. 



11.380 



Metals 


Color of unfinished 
unbroken surface 


Color and structure of 
newly fractured surface 


Color of freshly filed 
surface 


White cast iron 


dull gray 


silvery white; 
crystalline 


silvery white 


Gray cast iron 


dull gray 


dark gray; crystalline 


light silvery gray 


Malleable iron 


dull gray 


dark gray; finely 
crystalline 


light silvery gray 


Wrought iron 


light grav 


bright grav 


light silvery gray 


Low carbon and cast 

cf ppl 


dark gray 


bright gray 


bright silvery gray 
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yellowish white 


Aluminum 


light gray 


white; finely crystalline 


white 


Monel metal 


dark gray 


light gray 


light gray 


Nickel 


dark gray 


off-white 


bright silvery white 


Lead 


white to gray 


light gray; crystalline 


white 



In making an acid test of metal, observe 
the following precautions: 

1. Never open more than one container of 
acid at a time. 

2. In mixing, always pour acid slowly into 
water. NEVER pour water into acid, because a 
violent reaction is likely to occur. 

3. If any acid is spilled, dilute it with 
plenty of water to weaken it so that it can safely 
be swabbed away. 

4. If any acid is spilled on the skin, wash 
immediately with large quantities of water. 
Then wash with a solution of borax and water, 
or with soap and water. 

5. Wear clear-lens safety goggles. 



The reaction of a metal to an acid test may 
be evidenced by a color change, the formation 
of a deposit, or the development of a spot. 

NITRIC ACID TEST.-To perform the nitric 
acid test, place one or two drops of concentrated 
(full strength) nitric acid on a metal surface that 
has been cleaned by grinding or filing. Observe 
the resulting reaction (if any) for about 2 min- 
utes. Then add three or four drops of water, 
one drop at a time, and continue observing the 
reaction. If there is no reaction at all, the test 
material may be one of the stainless steels or 
it may be Inconel or a similar alloy. A reaction 
that results in a brown-colored liquid indicates 
a plain carbon steel. A reaction producing a 
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Table 5-3.-Identification of Metals by Chip Test. 11.381 


Metals 


Chin characteristics 


White cast iron 


Chips are small, brittle fragments. Chipped surfaces not smooth. 


Gray cast iron 


Chips are about 1/8 inch in length. Metal not easily chipped; therefore, 
chips break off and prevent smooth cut. 


Malleable iron 


Chips are from 1/4 to 3/8 inch in length (larger than chips from cast iron). 
Metal is tough and hard to chip. 


Wrought iron 


Chips have smooth edges. Metal is easily cut or chipped, and a chip can be 
made as a continuous strip. 


cast steel 


v - - nips iid. vc sixi<jutu crugcd. ivicrLdi 19 easily lui ui i^iu^jjjcru, d v^ili^J Uc 

taken off as a continuous strip. 


High carbon steel 


Chips show a fine grain structure. Edges of chips are lighter in color than 
chips of low carbon steel. Metal is hard, but can be chipped in a con- 
tinuous strip. 


Copper 


Chips are smooth, with sawtooth edges where cut. Metal is easily cut. A 
chip can be cut as a continuous strip. 


Brass and bronze 


Chips are smooth, with sawtooth edges. These metals are easily cut, but 
chios are morp brittle than chins of Conner Continuous strin is not 
easily cut. 


Aluminum and 
aluminum alloys 


Chips are smooth, with sawtooth edges. A chip can be cut as a continuous 
strip. 


Monel 


Chips have smooth edges. Continuous strip can be cut. Metal chips easily. 


Nickel 


Chips have smooth edges. Continuous strip can be cut. Metal chips easily. 


Lead 


Chips of any shape may be obtained because the metal is so soft that it can 
be cut with a knife. 



brown to black colored liquid indicates a gray 
cast iron or one of the alloy steels containing 
as its principal element either chromium, 
molybdenum, or vanadium. Nickel steel reacts 
to the nitric acid test by the formation of a brown 
to greenish-black liquid, while a steel containing 
tungsten reacts slowly to form a brown-colored 
liquid with a yellow sediment. 

Instead of the brown -black colors that 
usually appear when ferrous metals are tested, 
various shades of green and blue appear, as the 
material dissolves, when nonferrous metals and 



alloys are subjected to the nitric acid test. 
Except with nickel and Monel, the reaction is 
vigorous. The reaction of nitric acid on nickel 
proceeds slowly, developing a pale green color. 
On Monel, the reaction takes place at about the 
same rate as on ferrous metals, but the char- 
acteristic color of the liquid is greenish-blue. 
Brass reacts vigorously, with the test material 
changing to a green color. Tin bronze, alumi- 
num bronze, and copper all react vigorously in 
the nitric acid test with the liquid changing to a 
blue -green color. Aluminum and magnesium 
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Table 5-4.— Identification of Metals by Oxyacetylene Torch Test. 11.382 



Metals 


Reactions when heated by oxyacetylene torch 


White cast iron 


Becomes dull red before melting. Melts at moderate rate. A medium tough 
film of slag develops. Molten metal is watery, reddish white in color, and 
does not show sparks. When flame is removed, depression in surface of 
metal under flame disappears. 


Gray cast iron 


Puddle of molten metal is quiet, rather watery, but with heavy, tough film 
forming on surface. When torch flame is raised, depression in surface of 
metal disappears instantly. Molten puddle takes time to solidify, and gives 
off no sparks. 


Malleable iron 


Becomes red before melting; melts at moderate rate. A medium tough film 
of slag develops, but can be broken up. Molten puddle is straw colored, 
watery, and leaves blowholes when it boils. Center of puddle does not give 
off sparks, but the bright outside portion does. 


Wrought iron 


Becomes bright red before it melts. Melting occurs quietly and rapidly, 
without sparking. There is a characteristic slag coating, greasy or oily in 
appearance, with white lines. The straw-colored molten puddle is not 
viscous, is usually quiet but may have a tendency to spark; is easily 
broken up. 


Low carbon and 
cast steel 


Melts quickly under the torch, becoming bright red before it melts. Molten 
puddle is liquid, straw colored, gives off sparks when melted, and solidi- 
fies almost instantly. Slag is similar to the molten metal and is quiet. 


High carbon steel 


Becomes bright red before melting, melts rapidly. Melting surface has 
cellular appearance, and is brighter than molten metal of low carbon steel; 
sparks more freely, and sparks are whiter. Slag is similar to the molten 

tvio^'jl o r\H io nil lot 
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Stainless steels 


Reactions vary depending upon the composition. 




IlaS Iligll Ileal LUIlUULLlVliy^ lllrf I rrlUI rf , 141 I ilctlilC IS I BIMU v?vi LI J jJl IMUl.t. 

fusion than would be required for same size piece of steel. Copper color 
may become intense before metal melts; metal melts slowly, and may turn 
black and then red. There is little slag. Molten puddle shows mirrorlike 
surface directly under flame, and tends to bubble. Copper that contains 
small amounts of other metals melts more easily, solidifies more slowly, 
than pure copper. 


Brass and bronze 


These metals melt very rapidly, becoming noticeably red before melting. 
True brass gives off white fumes when melting. Bronze flows very freely 
when melting, and may fume slightly. 


Aluminum and 
aluminum alloys 


Melting is very rapid, with no apparent change in color of metal. Molten 
puddle is same color as unheated metal and is fluid; stiff black scum 
forms on surface, tends to mix with the metal, and is difficult to remove. 


Monel 


Melts more slowly than steel, becoming red before melting. Slag is gray 
scum, quiet and hard to break up. Under the scum, molten puddle is Quid 
and quiet. 


Nickel 


Melts slowly (about like Monel), becoming red before melting. Slag is gray 
scum, quiet and hard to break up. Under the scum, molten puddle is fluid 
and quiet. 


Lead 


Melts at very low temperature, with no apparent change in color. Molten 
metal is white and fluid under a thin coating of dull gray slag. At higher 
temperature, puddle boils and gives off poisonous fumes. 
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alloys, lead, lead-silver, and lead-tin alloys are 
soluble in nitric acid, but does not result in a 
change in the color of the nitric acid solution. 

From the information given thus far, it is 
obvious that the nitric acid test by itself will 
not identify many metals positively. Tungsten 
steel and nickel are fairly easy to identify, since 
the characteristic colors appearing in the tests 
are easy to recognize. Recognizing the brown- 
blacks, greenish-blues, and blue-greens, how- 
ever, requires visual skill that comes only with 
practice. Different alloys may react to the test 
in the same way. This means that these materials 
must be identified on the basis of results from 
another kind of test or through a subsequent acid 
test which further narrows the class to which the 
metal may belong. 

IRON NAIL TEST.-The iron nail test is a 
test for copper content. It is employed after the 
nitric acid test, and then only if the resulting 
reaction produces a green or blue liquid. In this 
test, it is essential that the nail (either iron or 
steel) be bright and clean. Assuming that a blue 
or green liquid develops as a result of the nitric 
acid test, rub the nail in the colored liquid, keep- 
ing the nail in firm contact with the test metal. 
If the metal being tested contains copper, the 
reaction during the test will cause copper to be 
deposited either on the end of the nail or on the 
surface of the metal under the acid solution. The 
occurrence of this copper plating reaction is 
identified by the copper-colored appearance of 
the nail or metal surface at the conclusion of the 
test. Any copper-base alloy (Monel, brass, tin 
bronze, and aluminum bronze) will react by 
plating copper on the nail. There is no such re- 
action, however, when nickel is tested. Thus, the 
iron nail test distinguishes between alloys con- 
taining copper and those which do not contain 
copper although they also react to the nitric acid 
test with a green or blue color. To distinguish 
among the several copper-base alloys, further 
acid testing is necessary. 

AMMONIA TEST.-The ammonia test is also 
suitable for determining whether or not an alloy 
contains copper or nickel. The test is conducted 
in two steps. First, either dissolve a few filings 
of the metal in question in nitric acid or place 
several drops of acid on the test metal. If there 
is no reaction, the metal is one of the stainless 



steels or Inconel alloys. In this case it is nec- 
essary to use aqua regia instead of nitric acid. 
Aqua regia is a fuming, yellow liquid made by 
mixing three parts of hydrochloric acidwithone 
part of nitric acid. This mixture is more potent 
and corrosive than either of its acid components 
alone. Only enough should be mixed to conduct 
the test. 

The second step of the ammonia test involves 
diluting the nitric acid (or aqua regia) with a 
small amount of water and then carefully adding 
ammonium hydroxide to the solution until the 
solution is strongly alkaline. This can be deter- 
mined with red litmus paper, which will turn 
blue when the solution becomes alkaline. How- 
ever, if either copper or nickel is present in the 
metal sample, a pale-blue flaky substance may 
form in the liquid solution and settle to the bot- 
tom. This settling, flaky substance is called a 
precipitate. As more ammonium hydroxide is 
added (if either nickel or copper is present), the 
pale blue precipitate becomes a dark blue 
solution. If neither nickel nor copper is present, 
the color of the solution formed with the addition 
of ammonium hydroxide will depend on the metal 
being tested. Gray cast iron, plain carbon steel, 
tungsten steel, molybdenum steel, and vanadium 
steel react to the test by forming a red-brown 
solution. A nickel steel responds to the test by 
forming a red to purple liquid solution; 18-8 and 
25-20 stainless steels are identified by a 
reddish-blue solution; Inconel and similar alloys 
by a blue-red solution, and pure nickel by a blue 
solution. Monel, nickel-silver, brass, tin bronze 
and copper react to the ammonia test by forming 
a dark blue solution. An aluminum bronze reacts 
to this test by forming a blue liquid solution in 
which a white jelly-like precipitate is visible. 
An aluminum alloy other than aluminum bronze 
forms a colorless solution with a white precip- 
itate, whereas magnesium alloy, lead, lead- 
silver, and lead-tin solder undergo no solution 
change. A slight blue color may be present if 
the aluminum alloy contains copper. When you 
want to determine whether the blue liquid ob- 
tained in the ammonia test indicates copper or 
nickel, the iron nail test following a nitric acid 
test as previously described will make the 
distinction. 

CUPRIC CHLORIDE TEST.-The cupric 
chloride test is used to distinguish between the 
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stainless steels and the nickel-base alloys 
(Monel, Inconel) with a low percentage of iron. 
To make this test, you will need cupric chloride, 
concentrated hydrochloric acid, and water. 

Into a graduated tube, put 10 grams of 
cupric chloride and then add hydrochloric acid 
up to the 100-milliliter mark on the tube. Place 
one drop of this mixture on the metal to be tested; 
after 2 minutes, add three or four drops of 
water; then wash away the test substance. A 
copper -colored spot appearing on the metal is 
evidence of a high percentage of iron. 

File Hardness Test 

Hardness tests are commonly used to deter- 
mine the ability of a material under test to resist 
abrasion or penetration by another material. 
Many methods have been evolved for measuring 
the hardness of metal. The simplest method is the 
file hardness test. This test cannot be used to 
make positive identification of metals but can be 
used to get a general idea of the type of metal 
being tested and to compare the hardness of var- 
ious metals on hand. Thus, when identification of 
metal by other means is not possible, the Boiler- 
maker might use a file to determine the relative 
hardness of various metals. The results of such 
a test may enable him to select a metal more 

suitable for the job being performed. 

The file hardness test is simple to perform. 
The metal being tested may be held by hand and 
rested on a bench, or held in a vise. Grasp the 
file, with the index finger extended along the 
file, and apply the file slowly but firmly to the 
surface being tested. 

If the material is cut by the file with ex- 
treme ease and tends to clog the spaces between 
the file teeth, it is VERY SOFT. If the material 
offers some resistance to the cutting action of 
the file and tends to clog the file teeth, it is 
SOFT. If the material offers considerable re- 
sistance to the file but can be filed by repeated 
effort, it is HARD and may or may not have been 
heat treated. If the material can be removed only 
by extreme effort and in small quantities by the 
file teeth, it is VERY HARD and has probably been 
heat treated. If the file slides over the material 
and the file teeth are dulled, the material is EX- 
TREMELY HARD and has been heat treated. 

The file test is not a scientific method. It 
should not be used when positive identification 



of metal is necessary or when an accurate 
measurement of hardness is required. Tests 
already described should be used for positive 
identification of metals. Special machines, such 
as the Rockwell and Brinell testers, should be 
used when it is necessary to determine accu- 
rately the resistance to penetration offered by 
any material. 

HEAT TREATMENT OF METALS 

Heat treatment is a general term for all 
the processes by which a metal is heated and 
cooled in order to develop or change certain 
properties such as hardness, toughness, soft- 
ness, machinability,or strength. The rate of heat- 
ing, the temperature to which the metal is heated, 
the length of time it is held at the specified tem- 
perature (or "soaked"), and the rate of cooling 
all affect the molecular structure of a metal and 
thereby alter the properties of the metal. 

There are many forms of heat treatment. 
The ones most commonly used are annealing, 
normalizing, hardening, tempering and case- 
hardening. 

ANNEALING 

Annealing is accomplished by heating the 
metal to a specified temperature, holding it at 
this temperature for a specified interval, and 
then allowing it to cool. Annealing is done for 
several purposes. The operation known as FULL 
ANNEALING is done in order to soften the metal, 
to make it more ductile, and to relieve internal 
stresses caused by previous treatment (casting, 
cold working, hot working, etc.). The operation 
known as PROCESS ANNEALING is done to soften 
the metal somewhat (though not as much as in 
full annealing) and to relieve internal stresses. 
Full annealing causes the grain structure of the 
metal to become finer; process annealing does 
not result in such change in grain structure. 

In general, full annealing requires higher 
temperatures, longer soaking, and slower cool- 
ing then process annealing requires. 

NORMALIZING 

Normalizing is similar to annealing but is 
done for somewhat different purposes. Normal- 
izing is done chiefly to relieve stresses that have 
been caused by welding, forging, or uneven cool- 
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ing; to refine the grain structure of the metal 
before it is hardened; or to harden the metal 
slightly. In normalizing, the metal is heated to a 
specified temperature and then allowed to cool 
in a uniform manner, in still air. 

HARDENING 

Many tools and pieces of equipment must be 
hardened before use. Cutting tools, chisels, twist 
drills, and other tools must be hardened so that 
they can retain their cutting edges. Surfaces of 
roller bearings, parallel blocks, and armor plate 
must be hardened to prevent wear and penetra- 
tion. Hardening is used to increase tensile 
strength as well as to increase hardness. Since 
hardening increases the brittleness of the mate- 
rial, most alloys are tempered after being hard- 
ened. 

Steels are hardened by being heated to a 
temperature just above the upper transforma- 
tion temperature, soaked long enough to ensure 
a completely austenitic structure, and then 
cooled rapidly. If maximum hardness is to be 
developed the austenite must be transformed to 
martensite. Martensite is extremely hard and 
strong and has great resistance, and it has 
practically no machinability. 

Carbon steels are usually quenched in brine 
or water, in order to ensure rapid cooling. The 
production of martensite in a plain carbon steel 
requires that the steel be cooled to below 1000° 
F in less than 1 second, and that the remainder 
of the cooling be quite rapid. If mo re than 1 sec- 
ond is taken for the first part of the cooling (to 
below 1000°F) ; some of the austenite will trans- 
form into fine pear lite. Pear lite varies in hard- 
ness, but in any case it is much softer than 
martensite. If the purpose of the hardening is to 
develop something less than maximum hardness, 
the first part of the cooling (to below 1000° F) 
must still be accomplished within 1 second; then 
the remainder of the cooling must be done at a 
somewhat slower rate. 

The rate of quenching alloy steels depends 
upon the composition of the material. In general, 
a slower quench is used for hardening alloy 
steels than is used for hardening plain carbon 
steels. 

Various quenching mediums are used to 
produce the desired end results. The more com- 
mon quenching mediums are oil, water, and 



brine. When water or brine is used, the tem- 
perature of the bath must not be allowed to rise 
above 100 F. Generally, 60° to 90° F is the 
best temperature for these quenching mediums. 
Above 100° F water begins to lose thermal con- 
ductivity, and thus, its cooling properties are 
reduced. 

The plain carbon steels are generally 
quenched in water or brine; brine is preferred 
because it has less tendency to cause steam 
pockets to form. Steam pockets may cause soft 
spots or uneven stresses. These steels require 
a very active agitation, or shaking action, when 
being quenched. The agitation removes the steam 
bubbles from the surface of the metal. When 
quenched material reaches about 200° to 250° F } 
or a temperature low enough to dry the material 
thoroughly without too much sizzle, it can be 
removed from the water and tempered im- 
mediately. 

The alloy steels, with the exception of the 
high alloy air -hardening steels, are generally 
oil quenched. The oil bath should be maintained 
at a temperature of 100° to 130°F. At this 
temperature, the heat- treating oils have a higher 
viscosity and, therefore, a better and more 
uniform cooling effect. 

Although steels must be heated and soaked 
so that the structure becomes completely aus- 
tenitic, care must be taken to see that they are 
not over -heated and that they are not held too 
long at temperature. Using too high a tempera- 
ture or too long a soaking period coarsens the 
grain structure. 

TEMPERING 

After hardening, most alloys are tempered 
to reduce brittleness and to relieve some of the 
high internal stresses developed during harden- 
ing. Tempering always follows, rather than pre- 
cedes, the hardening process. Tempering is 
occasionally done after materials have been 
normalized, but its major use is after hardening. 

In high speed steels, tempering increases 
hardness. In most other materials, however, 
tempering causes an unavoidable loss of some 
hardness. The amount of hardness removed by 
tempering depends upon the tempering temper- 
ature; the higher the temperature, thesofterthe 
material will be. 
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Tempering is always done at temperatures 
below the lower transformation point. In this re- 
spect, tempering differs from hardening, an- 
nealing, and normalizing, which all involve heat- 
ing the material to temperatures above the upper 
transformation point. 

The temperatures used for tempering are 
selected on the basis of the properties required 
in the final product. For example, permanent 
magnets are tempered at 21 2° F because they 
must retain considerable strength and hardness. 
Case hardened objects are also tempered at 
relatively low temperatures (212° to 400° F) 
because the surface of such objects must remain 
hard. Many cutting tools are tempered at 430 °F 
or below so that they will retain hardness. Bat- 
tering tools must have great impact resistance 
and must be able to cut or penetrate metal; 
therefore, battering tools are tempered between 
450° and 600°F even though the higher tempera- 
tures mean some sacrifice of hardness in order 
to produce impact resistance. Springs are tem- 
pered between 600° and 900° F because the prop- 
erty of elasticity is more important in a spring 
than the property of hardness. Tools made of 
high speed steels are tempered at 1050° to 
1100°F. Note, however, that with high speed 
tools the high tempering temperature increases 
rather than decreases, hardness. This increase 
in hardness occurs because high speed steels 
retain austenite during quenching; when the hard- 
ened steel is tempered, the austenite changes to 
martensite. 

Since tempering utilizes temperatures be- 
low the lower transformation point, the rate of 
cooling generally has no effect upon the structure 
of the material. However, some nickel - 
chromium steels and a few other special steels 
become brittle if they are heated to the temper- 
ing temperature and then allowed to cool slowly. 
These steels, which are often called "temper 
brittle" or "blue brittle" steels, must be 
quenched rapidly from the tempering tempera- 
ture in order to prevent brittleness. In general, 
however, steels are cooled slowly from the 
tempering temperature by cooling in still air. 

Tempering is usually done before the ma- 
terial has completely cooled from the hardening 
process. The holding time at temperature varies 
according to the thickness of the material, but 
the minimum time is about 1 hour. If the part is 



more than an inch thick, the holding time should 
be increased by about 1 hour for each additional 
inch of thickness. 

STRESS RELIEVING 

STRESS RELIEVING is a heat treating pro- 
cess involving temperatures below the trans- 
formation range of ferrous metals. The proce- 
dure is frequently applied after welding opera- 
tions in the field assembly of alloy steel piping 
systems. It is also used to advantage after cold 
working procedure like bending and flattening 
pipe and tubing. When cold work of this sort is 
performed, stresses which in themselves are 
not great enough to cause failure remain In the 
metal. These residual or locked-up stresses, if 
not later after the part has been placed in ser- 
vice, may ultimately lead to failure. Uneven ex- 
pansion and contraction during a welding opera- 
tion may develop similar residual stresses. 

The main factors in stress relieving are the 
temperature of the treatment and the time the 
part is held at that temperature. Stress relief 
becomes more effective as the temperature is 
increased. For example, with gray cast iron, the 
percentage of stress relief at temperature be- 
low 750°F is negligible. Above this temperature 
the percentage of residual stress relieved in- 
creases rapidly with increases in temperature. 
However, if the temperature closely approaches 
the transformation range, structural changes 
will begin to occur. As a rule, when stress re- 
lieving is applied, structural changes are not 
desirable. Consequently, the temperature se- 
lected should give the greatest possible stress 
relief with the least possible change of proper- 
ties. For gray cast iron, the stress relief temper- 
ature is950°F. At this temperature, from 60to90 
percent oi the original internal stress is relieved 
and a minimum of structural change occurs. 

Stress relieving is accomplished by heating 
the metal slowly and uniformly to a predeter- 
mined temperature. The rate of heating should 
not be less than 400 °F per hour for most metals. 
When the metal attains the desired temperature, 
hold or soak at this temperature no less than 
1 hour for each inch of thickness of the thickest 
section. Then allow the part to cool very slowly 
to room temperature. The cooling rate should 
not exceed 200° F per hour for any metal. Since 
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the majority of stress relief occurs during the 
first hour after the part attains the proper tem- 
perature, it is essential that hold time be counted 
from the time the metal, not the furnace, reaches 
the stress relieving temperature. Remember, 
slow cooling is essential. If the part is cooled 
rapidly, new internal stresses develop, defeat- 
ing the purpose of the treatment. 

In steel, stress relieving is often the final 
heat treatment. Here the stress relieving tem- 
perature is at least 50° F, but not more than 
100° F, below that of the preceding heat treating 
temperature. A temperature of 750°F, relieves 
about 50 percent of the stress in a steel casting 
while a temperature of 1000°F relieves more 
than 90 percent. Typical practices for stress re- 
lieving common metals are presented in table 
5-5. 

CASEHARDENING 

It is often desirable to produce an article 
with a core of maximum toughness and ductility 
and a surface with a high degree of hardness 
and wear resistance. These conditions are met 
by designing a steel for the core which has the 

135.62 

Table 5-5. -Stress Relieving Data. 







Hold Time 


Material 


Temp. 
(°F) 


(Hours per 


inch 
thickness) 


Gray cast iron 


950 


1 


Low carbon steel 


1150 


1 


Carbon-moly steel 


1250 


2 


Chrom-moly steel: 






(0.5Cr - 0.5Mo) 


1250 


2 


(2 Cr - 0.5 Mo) 


1325 


2 


(9Cr - 1 Mo) 


1400 


3 


Copper 


300 


V 2 


Brass : 






(70Cu - 30 Zn) 


500 


1 


(60Cu - 40 Zn) 


375 




Bronze 






(90Cu - lOSn) 


375 


1 


Stainless steel 


1500 


2 


Monel 


550 


2 



desired toughness and ductility. The surface 
hardness is then produced by a heat treating pro- 
cess which changes the surface composition of 
the metal so that it will harden. This is accom- 
plished by the addition of a hardening element 
to the metal surface. The process by which the 
surface composition is changed and hardened 
is known as CASEHARDENING. 

Carburizing, cyaniding, and nitriding are 
the processes most commonly used to produce 
a hardened case. In each of these processes, 
temperature, time, and material are important 
considerations. The TEMPERATURE is impor- 
tant because the iron in the steel transforms at 
a certain temperature— that is, it changes from 
one atomic structure to another. Because of this 
change in atomic structure, iron above a certain 
temperature can hold more carbon (or other 
element) in solution than the same iron can hold 
at a lower temperature. Since casehardening is 
accomplished by increasing the carbon content 
or the nitride content of the outer layer of the 
material, it is obvious that the temperature must 
be high enough to permit additional carbon or 
nitrides to be absorbed. 

The LENGTH OF TIME that the piece is in 
contact with the element being added and held at 
proper temperature will determine the DEPTH 
of the case. By regulating the time of exposure, 
the depth of the case can be controlled. The 
percentage of hardening element present in dif- 
ferent parts of the case will vary. This is due to 
the migration of the hardening element from the 
surface into the body of the steel. The thickness 
or depth of case generally obtained by case- 
hardening ranges from 0.01 to 0.12 inch. 

The MATERIAL from which the part to be 
casehardened is made must be a steel that is 
suitable for the treatment you decide upon or the 
treating method that is available in your shop. 
In the nitriding process, an alloy steel known as 
NITRALLOY must be used. An analysis of a 
typical nitriding steel is 0.38 to 0.43 carbon, 
0.40 to 0.70 manganese, 1.40 to 1.80 chromium, 
0.20 to 0.40 silicon, 0.30 to 0.45 molybdenum, 
0.90 to 1.35 aluminum, and a maximum of 0.04 
percent each of sulfur and phosphorus. The 
ALUMINUM content of these steels makes pos- 
sible the absorption of nitrogen, which in turn 
develops the surface hardness or case. 

The SAE steels listed in table 5-6 may be 
casehardened by the cyaniding process or by the 
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pack or gas carburizing method. The table also diums, and tempering temperatures for each of 
includes working temperatures, cooling me- the steels listed. 

Table 5-6.-Carburizing Data for Some Grades of SAE Steel. 11 26 0 



SAE No. 


Carburizing 

Tpmn (° V\ 
x any/* \ 1 ; 


Cooling Method 


Reheat 


Cooling 
Medium 


2nd Reheat 
f° F^ 


Cooling 

Afl #*rli 1 1 ty") 


Temp., 
\ r ) 


Carbon Steels 
















1015 


1650-1700 


Oil or Water 


1400-1450 


Water or 
Brine 






250-325 






1090 


1650-1700 


f^nnl drmrlxr 
\j\JL siuwiy 


1650-1700 

1UJV"1 1 W 


Oil nr 

Water 


1400-1450 


Wofpr> rtr 
VY txttrl Ul 

Brine 


250-325 


































1115 


1650-1700 


Oil or Water 


1400-1450 


Oil or 
Water 






250-325 






111ft 


1650-1 700 


P'rml cl n\i7 1 v 


1650-1700 

X UJv" x I \J\J 


Oil nr 

Wii ui 


1400-1450 


Wdlci UI 
DI lllC 


950-395 

Ct \J\J — 0 Cj J 


MuncxQnPQP Sfrppl 
















1^90 


16*10-1 700 

XVJUV X 1 \J\J 


Crifil Qlnu/lv 


1525-1575 

X OCi \J x 0 1 u 


Oil 

VI 1 


1375-1425 


Oil 


250-300 


"Mi nlrol Qtopl c 
lNlLKcl OLLclb 
















9** 1 7 


1 RRO_ 1 70H 


uuui siuwiy 


1 son. 1 


Oil 








2515 


1650-1700 


Cool in box 


1500-1550 


Oil 


1325-1375 


Oil 


250-400 


Nickel-Chromium 
















Steels 
















3120 


1650-1700 


Cool slowly 


1525-1575 


Oil 


1375-1425 


Oil 


250-300 


3310 


1650-1700 


Cool slowly 


1525-1575 


Oil 


1375-1425 


Oil 


250-300 


Molybdenum 
















Steels 
















4027 


1650-1700 


Quench in Oil 










250-300 










4320 


1650-1700 


Cool slowly 


1425-1475 


Oil 






250-300 






4620 


1650-1700 


Cool slowly 


1525-1575 


Oil 


1375-1425 


Oil 


250-300 


4820 


1650-1700 


Cool slowly 


1550-1650 


Oil 


1350-1400 


Oil 


250-300 


Chromium Steels 
















5120 


1650-1700 


Cool slowly 


1600-1650 


Oil 


1425-1475 


Oil 


250-300 
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BOILER TUBE WORK 



As a Boilermaker, you must know quite a lot 
about boiler tubes. You must be able to remove, 
install, and plug boiler tubes. You must also 
know how to determine the cause of tube failure 
and how to classify and report tube damage. 
This chapter deals primarily with boiler tube 
characteristics and with boiler tube work. 

In addition to knowing quite a lot about 
boiler tubes and boiler tube work, you must be 
able to train lower rated men in all aspects of 
tube work. As you know, a man must have a lot 
of training and experience before he can be 
trusted to work on an actual retubing job. 

It is not always easy to find a way to train 
men in boiler tube work, since they can't learn 
it from a book and you can't very well give them 
a boiler to practice on. One of the best solutions 
to this problem is to use jigs or mockups of the 
type shown in some of the illustrations in this 
chapter. These jigs and mockups can be made up, 
used for instructional purposes, and then left in 
some convenient place so that the men can prac- 
tice tube work between periods of actual in- 
struction. As you study this chapter, try to look 
at the information from two points of view. 
First, what can you yourself learn about boiler 
tubes? And second, how would you pass this 
information on to others whom you were train- 
ing in boiler tube work? 

BOILER TUBE CHARACTERISTICS 

For any boiler retubing job, it is absolutely 
essential to use tubes that conform in every way 
to the tube requirements of the particular boiler. 
Boilter tubes are NOT identical. They differ in 
such important characteristics as composition 
of the metal, outside diameter, wall thickness, 
length, and curvature. 



COMPOSITION OF 
BOILER TUBES 

Generating tubes are usually made of low 
carbon steel. They may be either seamless or 
resistance welded. Seamless tubes were once 
definitely preferred for naval use. However, 
improved methods of manufacturing the welded 
tubes have led to an increased use of welded 
tubes in naval boilers. Repair ships, tenders, 
and other naval activities that use, handle, or 
issue plain carbon steel tubes have been in- 
structed to make no distinction between the 
seamless and the welded tubes, but to stock, is- 
sue, and install them interchangeably without 
regard to the method of manufacture. 

Superheater tubes may be made of plain low 
carbon steel. On boilers where the superheated 
steam temperature reaches 850° F or higher, 
the superheater tubes are made of carbon- 
molybdenum steel, chromium -molybdenum 
steel, chromium -molybdenum steel, or a 4-6 
chromium-nickel (stainless) steel. 

To find detailed information on the com- 
position of the metals used for generating tubes 
and superheater tubes in any particular boiler, 
check the manufacturer's technical manual. 
The information may be given on the drawings 
or it may be included in the text. If you can't 
find it in the manufacturer's technical manual, 
you will have to go to the NavShips boiler plans 
that are kept on file aboard ship. 

BOILER TUBE DATA 

Much of the required information on sizes, 
thicknesses, and number of tubes per boiler is 
given in the manufacturer's technical manualfor 
the boilers on each ship. Some of the informa- 
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tion is given in the design data section, under the 
heading of "Tube Data." More detailed informa- 
tion is usually given on the drawings that are in- 
cluded in the manual. 

Table 6-1 gives boiler tube data for certain 
selected ships. The purpose of giving this in- 
formation here is to provide a general idea of 
the way in which boiler tube data is presented 
and to indicate some of the ways in which boiler 
tubes differ. There is really no point in trying 
to memorize all this data; the important thing 
is to know where and how to find information on 
a particular boiler, when you need it. 

TUBE RENEWAL 

Boiler tubes should be replaced when they 
cannot be made tight or when they are warped 
or otherwise seriously damaged. 

As a general rule, boiler tubes should not 
be straightened in place, since this could cause 
leaks to develop and might cause permanent 
damage to other parts of the boiler. Occa- 
sionally, however, you may find a screen tube 
or a wall tube which has bowed out of position 
for no apparent reason; it is permissible to 
straighten the tube in place and reroll it, if a 
replacement tube is not available. 

Whenever it is necessary to renew tubes 
in the A row, the corresponding tubes in the B 
row must also be renewed, regardless of their 
condition. 

General renewal of tubes in a boiler should 
not be undertaken without approval of the type 
commander. The type commander's decision as 
to whether to' approve a general renewal of 
tubes will be based on the results of inspection 
and examination of tube samples. Inspection 
procedures used to determine the need for gen- 
eral tube renewal are discussed in chapter 4 
of this training manual. 

Before beginning to renew tubes, be sure 
that all preparations have been made. Check to 
be sure that the right kind of replacement tubes 
are available and that all tools and equipment re- 
quired for the job are on hand and in good work- 
ing order. Check the cutters, the air hoses and 
fittings for the pneumatic tools, the tube benders, 
the electric equipment, and the staging. 

The steam drum will have to be opened and 
some fittings will have to be removed to allow 
access to the ends of the tubes. Also, the water 



drums and headers must be opened. Any fittings 
removed from the drums must be carefully set 
aside and marked, if necessary, to ensure cor- 
rect replacement. 

Before allowing any person to enter a boiler, 
be sure that all safety precautions are ob- 
served. Make it your personal responsibility to 
see that all cross -connecting valves between the 
boiler being retubed and any steaming boiler are 
closed and locked or wired shut, and are tagged 
DANGER: DO NOT OPEN. Be sure, also, that 
the control valves of the steam smothering sys- 
tem are lashed in the CLOSED position. Be sure 
that adequate ventilation is provided; keep port- 
able blowers running at all times while men are 
working in the boiler. Do not allow unauthor- 
ized types of lights in the boiler. Flashlights 
are preferred for boiler work. If portable 
lights are used, the electric leads must be 
thoroughly insulated and the portable fixture 
itself must be of the approved grounded, water- 
tight type. 



REMOVING TUBES 

Using an air-powered side cutting chisel, 
ground as shown in figure 6-1, cut the old tube 
flush with the drum or header. Work the cutter 
very carefully so as not to damage the surface 
of the drum or header. When removing super- 
heater tubes, it will be impossible to cut the tube 
flush with the header with a side cutting chisel. 
An expandable fly cutter will then be used to 
cut out the tubes. 

After removing the main part of the tube 
from the boiler, use a safety ripping chisel of the 
type shown in figure 6-2 to make a cut on the 
inside of the remaining portion of the tube. The 
safety ripping chisel is so designed that it can- 
not cut entirely through the tube; therefore, it 
cannot score the tube sheet. 

After cutting the tube approximately three - 
fourths of the way along the tube sheet, crimp 
the edges of the tube and drive out the stub with 
a blunt chisel. If the tube is a large one, it may 
be necessary to make two cuts with the safety 
ripping chisel, instead of one; the cuts should 
be about an inch apart. 

If a safety ripping chisel is not available, 
you can remove the tube by the following 
method: 
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Table 6-1. -Boiler Tube Data, Selected Naval Ships. 











Win 1 1 

Wall 


Quantity 








OD 


thickness 


per 


Type ship 


Type boiler 


Tubes 


(inches) 


(inches) 


boiler 


AO 105 


Header -type; 


Generating tubes 


1 1/4 


0.095 


1148 




operating 


Generating tubes 


2 


0.134 


56 




pressure, 


Horizontal circulators 


4 1/2 


0.238 


14 




450 psig 


Nipples 


4 


0.220 


28 






Superheater tubes 


1 1/4 


0. 120 


219 






Superheater supports 


3 1/4 




2 






Economizer elements 


1 1 o 

1 1/2 


0. lo4 


3 






Studded water wall 


O 11 

3 1/4 


rv o AO 

0. 203 


22 






Water wall risers and 












uown comers 


4 1/9 


\J • 0*r\J 


Q 
o 


DE 51 


Single-furnace; 
operating 


Generating tubes 
Generating and waterwall 


1 


0. 085 


792 




pressure, 


tubes 


1 1/2 


0. 120 


■IOC 

13o 




435 psig 


Superheater support tubes 


3 


0. 180 


4 




Downcomers 


4 1/2 


0. 220 


8 






Superheater tubes 


1 


0.095 


108 






Economizer elements 


1 1/2 


0. 134 


48 


DE 1006 


Single-furnace; 


Generating tubes 


1 


0. 095 


AO O 




operating 


Water screen tubes 


2 


A 10/1 


CO 

D2 




pressure, 


Superheater refractory 










600 psig 


protecting tubes 


2 


0. 134 


4 






Side water wall tubes 


2 


0. 134 


36 






Downcomers 


4 1/2 


0. 280 


12 






Superheater support tubes 


2 


0. 240 


2 


DD931 


Single-furnace; 


Generating tubes 


1 


0. 095 


800 




operating 


Generating tubes (finned) 


1 


0. 095 


59 




pressure, 


Screen tubes (Row A) 


2 


0. 148 


19 




1200 psig 


Screen tubes (Row B) 


2 


0. 148 


16 




Curtain wall tubes 


2 


0. 148 


11 






Side wall tubes 


2 


0.148 


32 






Rear wall tubes 


2 


0.148 


32 






Superheater support tubes 


4 


0.375 


8 






Downcomers (boiler) 


4 1/2 


0.300 


18 






Downcomers (side wall 












headers) 


4 1/2 


0.300 


4 






Downcomers (rear wall 












headers) 


4 1/2 


0.300 


3 






Riser tubes 


4 1/2 


0.300 


3 






Economizer elements 


1 1/2 


0. 165 


21 






Superheater tubes 












(CROLOY) 


1 1/4 


0.165 


104 






Superheater tubes (18-8 


1 1/4 










stainless steel) 


0.156 


76 



104.7 



ir 



BOILERMAKER 1 & C 




16 

AIR HAMMER 



STO. - OCT. 
CHISEL STEEL 



CUTTING 
EDGE 



38.200B 



Figure 6-l.-Side cutting chisel. 



L Split the ends of the tube with a flat 
chisel, from the end of the tube to the drum or 
header, at two places about 3/4 inch apart. 

2. Force the 3/4-inch piece up with a bar 
until it has been raised off its seat and has 
curled into the tube. 

3. Split the tube to a point beyond the other 
side of the tube seat with a tool ground to con- 
form to the tube hole. Be careful not to damage 
the tube hole, 

4. Break in the ends of the tube with a 
crimping tool, and then drive out the stub. 



Arc welding equipment can be used as an 
aid to tube removal on some boilers. This pro- 
cedure involves running two beads, 3/4 inch 
apart, through the entire tube sheet, quenching 
with water, and then using a backing -out tool. 
Do NOT use this method of tube removal if the 
drums or headers are made of 4 - 6 chromium 
steel, 

CLEANING TUBES 

Replacement tubes must be thoroughly 
cleaned to remove all scale, dirt, and preser- 
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Figure 6-2.-Safety ripping chisel. 



38.200A 



i9n 



Chapter 6-BOILER TUBE WORK 



vatives. One way of cleaning a tube is to push a 
kerosene -soaked rag through it and to wipe the 
outside of the tube with a similar rag. Diesel 
oil may also be used. If a large enough tank is 
available, boiler tubes may be cleaned by im- 
mersing them in an approved cleaning solution 
such as a saturated solution of boiler compound 
in hot water, to which a small amount of kero- 
sene has been added. Boiler tubes may also be 
cleaned with steam jets. 

BENDING TUBES 

Until recently, ships and repair activities 
were supplied with replacement boiler tubes 
that had already been bent to the required curv- 
atures. Now, however, most boiler tubes are 
shipped straight and must be bent to shape be- 
fore installation. 

A special power -operated tube bender for 
bending boiler tubes is furnished to some ships. 
Where the special boiler tube bender is not 
available, boiler tubes maybe bent in the regular 
power benders used for bending other kinds of 
tubing aboard ship. 

Each boiler tube must be bent according to 
the dimensional data given on the appropriate 
drawings. Suppose, for example, that you must 
replace generating tubes in a Babcock & Wilcox 
double -furnace boiler on a ship of the DD 445 
class. The blueprint required for this job is 
BuShips Plan No. DD 445-S5101-5. Looking at 
this blueprint, you will see dimensional data for 
each row of generating tubes, together with 
drawings of some of the tubes. 

An adaptation of the section of BuShips 
Plan No. DD 445-S5101-5 that applies to the 

5- row of generating tubes is shown in figure 

6- 3. The lact that this is the S row is indicated 
in the block marked TUBE MARKING. The 
DIAMETER block shows that the S-row tubes 
are 1 inch in diameter. The THEORETICAL 
LENGTH block gives the theoretical length of 
an S-row tube, including the allowance for roll- 
ing it into the steam drum and the water drum, 
as 12 feet, 1-5/16 inches. The blocks marked A 
through M indicate the lengths of the various 
portions of the tube and the bend angle and bend 
radius of each bend. Thus the blocks on the blue- 
print actually give you all the dimensional data 
you need to bend the S-row tubes. 



Since bending machines differ in some de- 
tails, the procedure for bending the S-row tubes, 
using the dimensional data given in figure 6-3, 
is given without reference to any particular ma- 
chine. The first step, of course, is to check the 
bending machine and to study the manufacturer's 
instructions. Check also to see that the machine 
is in good operating condition and that all re- 
quired parts and attachments are available. For 
example, you will need radius blocks of three 
different sizes for bending the S-row tubes-a 
6 -inch radius block for making the first bend, 
a 36 -inch block for making the second bend, 
and a 10-inch block for making the third bend. 
(This information is shown in blocks D, H, and 
L, respectively, on the blueprint shown in 
figure 6-3.) 

After checking the bender, make a sample 
of the first bend so that you can set the adjust- 
able stop on the bender to control the angle of 
bend. To make a sample of the first bend, use a 
straight piece of boiler tube scrap of the same 
size as the S-row tubes you are going to bend. 
Using a rule and a sharp -pointed crayon or piece 
of chalk, mark off on this piece of scrap the dis- 
tance from the water drum end of the tube to the 
end of section A (3-1/32 inches, as shown in 
block A). Make another crayon or chalk mark at 
the end of section B (3-1/8 inches from the first 
mark, as indicated in block B). Be sure the marks 
are clear and as thin as possible; also, be sure 
that your measurements are precise. 

Since the first bend has a bend radius of 
6 inches (block D), set up the bender with a 
6-inch radius block. Then bend the sample piece, 
beginning at the first crayon or chalk mark and 
stopping at the second mark. Now set the ad- 
justable stop. 

Remove the sample from the bender and 
check the bend against a template which has been 
precisely constructed to blueprint dimensions. 
If the sample bend fits the template accurately, 
the machine is set to produce bends of the proper 
angle (29°45 f as indicated in block C), and you 
can now begin to bend the S-row tubes. 

Make the first bend in each of the S-row 
tubes, taking care to keep the tube perfectly hori- 
zontal so that all bends will be in one plane. As 
a rule, a leveling table about 10 feet long and 5 
feet wide is required to keep the tubes aligned 
in the proper plane. 
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Figure 6-3.-S-row tube for B & W double -furnace boiler (adapted 
from BuShips Plan No. DD 445-S5101-5). 



Following the procedure just described, 
make the second bend and then the third bend in 
all the S-row tubes, using the dimensional data 
given on the blueprint. Make a sample for each 
bend. Use a 36 -inch radius block for the second 
bend (as indicated in block H) and a 10-inch 
radius block for the third bend (block L). In each 
case, adjust the adjustable stop to give the re- 
quired angle of bend— that is, 48° for the second 
bend (block G) and 18° for the third bend (block 
K). 

Check each tube against the template after 
it has been bent. Any tube that does not conform 
perfectly to the template should not be used. If 
the tube is only slightly out of line with the tem- 
plate, it may be possible to correct the bends. 



However, tubes should not be rebent except to 
take care of very minor inaccuracies. 

PREPARING TUBE SHEETS 

The tube sheet holes must be prepared be- 
fore replacement tubes are inserted. This prep- 
aration is best accomplished by using a piece of 
hardwood, turned to a diameter slightly less than 
the diameter of the hole, and covered with a me- 
dium fine grit emery cloth. Pass the wooden piece 
in a circular motion, back and forth through the 
tube sheet or header holes to smooth the surface. 
The job should be finished off by using a fine 
emery cloth wrapped around your finger. Keep 
working until the hole is clean and smooth. 
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When preparing tube seats, check the size 
and trueness of the tube holes. It is impossible 
to make tube seats tight if the tube holes are 
very much enlarged or if they are too elliptical 
(out -of -round). In order to ensure the tightness 
of the tube seats, be sure that the maximum en- 
largement and the maximum ellipticity of the 
tube holes do not exceed the figures shown in 
table 6-2. 

REPAIRING TUBE SHEETS 

Out-of-round tube holes, small steam cuts, 
and other minor defects may in some cases be 
corrected by welding. NavShips approval is not 
required for this type of welding repair on drums 
and headers made of low carbon steel, carbon- 
molybdenum steel, or steel containing less than 
1 percent chromium, PROVIDED approved weld- 
ing procedures are used and the welding is done 

Table 6-2.-Permissible Enlargement and 
Ellipticity of Holes in Tube Sheet. 
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Outside diameter 
of tube 
(inches) 


Maximum tube 
hole diameter 
(inches) 


Maximum 
ellipticity 
(inches) 
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only by a welder who has qualified for the ap- 
plicable welding process, filler metal, and po- 
sition of welding in accordance with the require- 
ments of MIL-STD-248. NavShips approval IS 
required before welding is undertaken on drums 
or headers made of other materials. In any case, 
the blueprints should always be checked to de- 
termine what material the drums and headers 
are made of, before any welding repair is 
undertaken. 

PREPARING TUBE ENDS 

After the tubes have been thoroughly 
cleaned, prepare the tube ends inside and out- 
side. Clean the ends with a wire brush and 
polish them with abrasive paper and a liquid 
cleaner until the tube ends are completely clean, 
free of burrs and mill scale, and thoroughly 
polished. Clean and polish the tube ends for a 
distance equal to the thickness of the tube seat 
plus 2 or 3 inches. 

Round off the tube ends with a file so that 
no square or sharp edges remain. If the tubes 
are not rounded off at the ends, the tubes may 
split when they are belled. 

FITTING TUBES 

When installing tubes, always fit the tubes 
into the steam drum before inserting the other 
end in the water drum or header. Inserting the 
tubes into drums and headers is not particu- 
larly difficult, since all tube holes are drilled 
normal to the tube sheet. 

If you are renewing a complete row of tubes, 
fit a tube at each end of the row and then work 
toward the middle. You may find very slight 
differences in the lengths of tubes required, if 
the boiler has been in service for some years. 
These differences are more likely to show up 
at the ends of the rows than in the middle. 

When fitting tubes into drums or headers, 
be sure that each tube extends far enough into 
the header or drum. Tubes up to (but not in- 
cluding) 2 inches OD should project 3/16 to 
5/16 inch into the drum or header. Tubes 2 
inches OD and larger should project 5/16 to 
7/16 inch into the drum or header. 

After you have fitted a tube and made al- 
lowance for the amount it must project into the 
steam drum and into the water drum or header, 
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remove the tube and cut off the excess. You may 
be able to use one tube as a guide for cutting off 
the excess on several other tubes, if you keep in 
mind the fact that the tubes may vary slightly 
in length, particularly in older boilers. Do NOT 
use one tube to measure the rest of the tubes in 
a row if you have any reason to believe that 
there are substantial differences in tube lengths 
in the row. If your sample tube happened to be a 
little on the short side, you would end up with 
a whole row of tubes that were too short and 
therefore could not be used. 

Each tube must be very carefully aligned 
with respect to the other tubes. Use a plywood 
batten about 1/2 inch thick, 3 feet long, and 3 
inches wide to align tubes in the generating 
bank. After positioning the tubes, check them 
with the batten. Then use small wooden wedges 
to hold the tubes in place until they have been 
expanded into the tube sheets. Be sure to remove 
the batten and the wedges before starting work 
on the next row. These wooden pieces cannot be 
left in the boiler. You will have a real job on 
your hands if, after installing five or six more 
rows of tubes, you suddenly discover that you 
have overlooked the batten or one of the wedges. 

EXPANDING TUBES 

Boiler tubes should be expanded with the 
expanding equipment furnished to the ship. It is 
important to select expanders of the proper size 
for the tube size and the seat thickness, and 
expanders that are appropriate for the operation 
to be performed. 

There are two types of expanders: roller- 
type and ball-drift type. Roller-type expanders 
are furnished for use by ship's force. Ball- 
drift expanders are used at shipyards for the 
erection of new boilers; they are not too prac- 
ticable for shipboard use, since personnel 
must have special training before they can use 
the ball-drift type of expander. 

Roller-type expanders are illustrated in 
figure 6-4. A series of adapters is furnished 
for use where tube holes are not readily ac- 
cessible. Some of these adapters are shown in 
figure 6-5. 

Tube expanders are operated by air motors. 
The air, at approximately 100 psi, enters 
through a controlling handle and goes into the 
motor housing where it drives an air turbine. 
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Figure 6-4.-Roller-type tube expanders. 



The turbine is attached to the shaft of the motor. 
The controlling handle can be turned clockwise 
or counterclockwise, so the turbine can also be 
turned clockwise or counterclockwise. A chuck 
with a tapered shank engages the shaft of the air 
motor, thus transmitting the power of the motor 
to the rollers used for expanding tubes into the 
tube sheet. 

Both the air motors and the chucks are 
available in various sizes. The larger sizes of 
motors and chucks are used for expanding the 
larger sizes of tubes. 

Tube expanders must be used carefully, 
both to avoid damage to the expanders and to pre- 
vent injury to personnel. The centrifugal force 
developed by the air turbine is very great, so the 
air motor must be gripped firmly with both hands . 
If the roller -mandrel combination should bind, 
the force of the air motor could break the man- 
drel and quite possibly cause injury to the OP- 
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Figure 6 -5. -Adapters for tube expanders. 
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erator. Always have a man stationed nearby to 
give immediate assistance if necessary. If you 
run into any trouble, your safety man may be 
able to crimp the hose quickly and thus keep the 
mandrel from breaking. 

Figure 6-6 shows a tube expander in use. 
As a general rule, rolling should be continued 
only until the rollers appear to operate evenly 
all around the tube. Carbon steel tubes require 
less rolling than alloy steel tubes. Boiler manu- 
facturers recommend that some alloy tubes be 
rolled to (or almost to) the point where the rolled 
metal begins to flake. If flaking does occur, be 
sure to remove all flakes from the tube and from 
the header or drum; if flakes were allowed to 
remain on the watersides of the boiler, they 
could cause considerable damage to valves and 
fittings and possibly even to the turbines. 

As you can see, there is no really precise 
way to explain how much a tube should be ex- 
panded. Tubes up to and including 2 inches OD 
are expanded by "Boilerman's feel." In the case 
of tubes 3 inches OD and larger, special proce- 
dures are required to ensure the holding power 
of the joint. These special procedures are dis- 
cussed later in this chapter in the section on 
repairing downcomers. 

BELLING TUBES 

After tubes have been expanded, the ends 
must be belled so that the tubes will not pull 
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Figure 6 -6. -Expanding a tube. 



out. A roller-type or a drift-type belling tool is 
used. The drift -type tool is shown in figure 6-7. 

When belling a tube, be careful not to overdo 
the operation. Tubes up to but not including 2 
inches OD should be belled at least 1/16 inch 
but no more than 1/8 inch. Tubes 2 inches OD 
and larger should be belled at least 1/8 inch but 
no more than 3/16 inch. The increase is to be 
measured over the outside tube diameter, at the 
end of the tube. Figure 6-8 illustrates the process 
of belling a tube. 

Some expanders are fitted with belling rolls, 
as shown in figure 6-4. When these expanders 
are used, the tubes are expanded and belled at 
the same time; thus there is no need for a sep- 
arate belling job. 

RENEWING WELDED TUBES 

In some boilers of recent design, the super- 
heater tubes and the economizer tubes are welded 
after they have been expanded. The renewal of 
these tubes is a good deal more complicated than 
the renewal of ordinary tubes. Procedures for 
renewing welded tubes are given in the approp- 
riate manufacturers' technical manuals and 
NavShips drawings. 
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Figure 6-7.-Belling tool. 
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Figure 6-8. -Belling a tube. 



PLUGGING BOILER TUBES 

As an emergency measure, it is sometimes 
necessary to plug defective boiler tubes until 
such time as they can be replaced. Superheater 
support tubes, superheater screen tubes, and 
downcomers must NOT be plugged without Nav- 
Ships approval. 

CAUTION: Any tube that is plugged must 
have a hole drilled in it to prevent a pressure 
build-up in the tube when the boiler is steamed. 

If all appropriate precautions are taken in 
plugging boiler tubes, the full-power capability 
of the boiler will not be affected unless more 
than 5 percent of the generating tube surface 
PLUS 5 percent of the superheater tube surface 
PLUS 20 percent of the economizer elements 
are taken out of service as the result of tube 
plugging. Up to this limit, it is not generally 
considered necessary to replace the plugged 
tubes, except under certain conditions. 

Various sizes of tube plugs are carried 
aboard ship. The plugs are tapered to the re- 
quired shape and are usually drilled and threaded 
at the larger end so that they may be removed 
with a tube plug extractor. 

Tubes must be plugged at each end. Before 
driving a tube plug into position, be sure that the 
plug and the inside of the tube are absolutely 
clean so that the plug will make a good metal - 
to-metal contact with the tube. Drive the plug 
far enough in to ensure that it will hold, but do 
not drive it so far in that it will damage the tube 
sheet. 



In plugging superheater tubes, use an offset 
driver to drive in the plugs when the tube holes 
do not fall in line with the handhole opening. 
When a superheater tube is plugged, it will 
eventually burn away after a period of service. 
When tubes have burned away (or when they have 
been removed) to such an extent that they leave 
a gas lane more than three tube rows wide 
through the entire superheater tube bank, plug up 
the gas lane with plastic or castable refractory. 
If the lane cannot be plugged up, the firing rate 
of the boiler must be restricted in order to 
avoid overheating the superheater tubes adjacent 
to the gas lane. 

When a side wall tube needs to be plugged, 
cut out the tube to 3 to 4 inches above the side 
wall header and 3 to 4 inches below the steam 
drum. The space left exposed after the removal 
of the tube should be packed with plastic refrac- 
tory to protect the pressure parts that were pre- 
viously cooled by the plugged tube. Do not plug 
more than two tubes adjacent to each other, 
since an exposed area wider than this cannot be 
effectively protected for any extended period of 
operation. Side wall tubes that have been plugged 
should be replaced at the earliest opportunity. 

When a rear wall tube needs to be plugged, 
cut out the tube 3 to 4 inches from the headers 
or at other cutoff points specified in the manu- 
facturer's technical manual. Use plastic refrac- 
tory to plug up casing openings, to cover ex- 
posed areas not protected by firebrick or high 
temperature castable refractory, and to cover 
the exposed pressure parts that were previously 
cooled by the plugged tube. Rear wall tubes that 
have been plugged should be replaced at the 
earliest opportunity. 

Superheater screen tubes 1-1/2 and 2 inches 
in outside diameter should in general be re- 
placed rather than plugged when tube failure 
occurs. 

In plugging generating tubes 1 inch and 
1-1/4 inches in outside diameter behind the 
superheater tube bank (in single -furnace boilers) 
and behind the 2-inch tubes (in double -furnace 
boilers) you need to consider two factors: gas 
laning and drum protection. Any complete lane 
through the tube bank that is more than three 
tube rows wide should be retubed, especially 
if such a lane is bounded by the boiler casing. 
Any drum area greater than 4 inches square 
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should be protected by refractory protection 
over the drum or, if this is not practicable, by 
using blind nipples to replace the failed tubes, 
instead of just plugging the failed tubes. The 
blind nipples give greater protection to the drum 
than plugged tubes give. 

If an economizer element develops a leak, 
the ends of the element should be plugged at the 
inlet header and at the outlet header. To install 
a tapered plug in an economizer element, screw 
the plug extractor into the plug and insert the 
plug into the tube. Unscrew and remove the ex- 
tractor from the plug. Drive the plug securely 
into position by holding one end of a piece of 
pipe against the plug and striking the pipe on the 
other end. 

Figure 6-9 illustrates the procedure for re- 
moving a plug from an economizer element. 
Screw the plug extractor into the plug. Place 
the handhole plate binder in position over the 
extractor, and then thread on the handhole fitting 
nut. As you tighten the handhole fitting nut, the 
plug will pull out. 

Some ships of recent design are furnished 
with expandable gasketed plugs for plugging 
economizer elements. One of these plugs is 
shown in figure 6-10. The installation of the 
expandable plug is shown in figure 6-11. After 
inserting the plug assembly into the tube, hold a 
screwdriver in the slot of the retainer stem to 
keep the plug from turning as you tighten the nut. 
As you tighten the nut, using an open- end wrench 
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Figure 6-10.-Expandable gasketed plug for 
economizer element. 

or a socket wrench, the gaskets expand radially 
as they are compressed axially. 

The removal of the expandable plug is shown 
in figure 6-12. Insert a socket wrench or an open- 
end wrench through the handhole and remove the 
retainer nut. Insert the economizer plug ex- 
tractor and thread it onto the retainer. Place 
the handhole plate binder in position over the 
extractor and then thread on the handhole fitting 
nut. As you tighten up on the nut, the plug will 
pull out. 

REPAIRING DOWNCOMERS 

The connection between a downcomer tube 
and a drum or header must be tight enough so 
that the tube does not leak and strong enough so 
that the tube does not pull out of its seat. If 
leakage at the joint is permitted to go unchecked, 
the holding power of the joint is endangered be- 
cause of deterioration of the tube seat. "Serious 
leakage" is defined as any leakage in excess of 
five drops per minute or any leakage that is 
considered to be indicative of a basic deficiency 
such as a split tube. Even slight leakage should 
be taken as an indication that corrective action 
is required as soon as possible. 

The holding power of the joint definitely 
depends upon the amount of tube expansion 
against the seat, particularly the amount of ex- 
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Figure 6-9. -Removing plug from 
economizer element. 
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Figure 6- 11. -Installing expandable plug in 
economizer element. 
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Figure 6-12.-Rernoving expandable plug from 
economizer element. 

pansion into the grooves of the seat. The only 
accurate way to determine the amount of ex- 
pansion is to measure the tube diameters. 

The Naval Ship Systems Command has es- 
tablished the amount of expansion required to 
provide adequate holding power of the down- 
comer joints. The required expansion is ex- 
pressed in terms of the increase in tube dia- 
meter at the rolled portion of the tube. The 
amount of expansion required depends upon 
(1) whether the joint is at a drum or at a 
header, (2) if at a header, the operating pres- 
sure of the boiler, and (3) the size of the down- 
comer tube. The required expansion for various 
sizes of downcomer tubes is shown in table 
6-3. 



The first part of the expansion process con- 
sists of closing the opening between the tube 
wall and the side of the hole in the tube sheet. 
Therefore, the total increase in diameter that a 
tube must be given in order to ensure the speci- 
fied expansion is equal to the figure given in 
table 6-3 plus the tube hole tolerance. Conse- 
quently, it is necessary to add the tube diameter, 
the tube hole tolerance, and the required ex- 
pansion (from table 6-3) to obtain the final 
STANDARD OUTSIDE DIAMETER required for 
downcomers. Final standard outside diameters 
are given in table 6-4. 

The outside diameter is measured parallel 
to the long axis of the header or drum, and close 
to the outside surface of the header or drum 
where there is a shoulder in the tube. This 
shoulder is formed as the tube wall material is 
forced out of the tube seat by the action of the 
expanding rolls. 

Where it is not possible to measure the 
outside diameters, as in the case of most down- 
comers at the steam drum end and at the water 
drum end, it is necessary to measure expan- 
sion by the tube inside diameters. This is done 
by measuring the amount by which the diameter 
of the rolled portion of the tube exceeds the dia- 
meter of the unrolled portion of the same tube, 
measured farther down the tube. Table 6-5 
shows the required minimum values for these 
differences in inside diameters. 



Table 6-3.-Expansion Required for Various Downcomer Tubes. 
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Outside diameter of 
downcomer tube (inches) 



Required increase in tube diameter at rolled 
portion of tube (inches) 



3 

3 1/4 
4 

4 1/2 



All joints between 
downcomers and drums 



0.036 
0.040 
0.048 
0.068 



Joints between down- 
comers and headers, 
where boiler design 
pressure is 500 psi 
or less 



0.045 
0.049 
0.060 
0.068 



Joints between down- 
comers and headers, 
where boiler design 
pressure is over 500 
psi 



0.060 
0.065 
0.080 
0.090 
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Table 6-4.- Final Standard Outside Diameters Required for Various Downcomer Tubes 
(Tube Diameter PLUS Tube Hole Tolerance PLUS Required Expansion). 
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Outside diameter of 
downcomer tube (inches) 


Standard outside diameters 
(inches) 




All joints between 
downcomers and drums 


Joints between down- 
comers and headers, 
where boiler design 
pressure is 500 psi 
or less 


Joints between down- 
comers and headers 
where boiler design 
pressure is over 
500 psi 


3 


3.07 


3.08 


3.09 


3 1/4 


3.33 


3.33 


3.35 


4 


4.08 


4.09 


4.11 


4 1/2 


4.60 


4.60 


4.62 



Downcomers should be roiled without the 
belling roll in the expander. If further flaring is 
required after a downcomer tube has been rolled 
to standard diameter, the bell should be applied 
in a final belling roil, 

Downcomer tubes rolled to the specified 
dimensions will have adequate holding power, 
but may not always remain tight under service 
conditions. Seal welding is specified for down- 
comers that might not remain tight in service 
when merely rolled. All welds must be made 
by a fully qualified welder, and all must be in- 
spected by magnetic particle inspection after 
completion. The tubes must not be rerolled after 
they have been seal welded. 

Detailed instructions for the inspection and 
repair of downcomer tubes are given in the 
Naval Ships Technical Manual . 

CLOSING UP THE BOILER 

After renewing tubes in a boiler, make a 
detailed inspection of the firesides and of the 
watersides before closing up the boiler. Ac- 
count for all personnel, tools, and objects and 
be SURE that nothing is left in the boiler that does 
not belong there. After an extensive retubing job, 
check for obstructions on the waterside by run- 
ning a rubber hose through each tube. 



Make sure that valves which were wired or 
lashed in the SHUT position are unlocked so they 
can be opened at the appropriate time. Be sure 
to remove the lashings from the control valves 
of the steam smothering system. 

HYDROSTATIC TESTS 

Boilers must be tested hydrostatically after 
the renewal of any pressure part. Hydrostatic 
tests are discussed in chapter 16 of this train- 
ing manual. 

RECORDING BOILER TUBE WORK 

All boiler tube renewals and other boiler 
tube work should be recorded on Boiler Tube 
Renewal Sheets (data sheets) similar to those 
described in chapter 19 of this training manual. 
The Boiler Tube Renewal Sheets should be kept 
on file with the Boiler Water Treatment Logs 
and should include: 

1. Boiler number 

2. The date tubes were renewed. 

3. Identification number of the tubes that 
failed in service. 

4. The causes of each failure. 
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Table 6- 5.- Minimum Increase Required for Inside Diameter of Expanded 
Portion of Downcomer Tubes. 



Tube wall thickness 
(Inches) 


Minimum increase 
required for 3-inch 
and 3 1/2-inch 
tube (inches) 


Minimum increase 
required for 4-inch 
tube (inches) 


Minimum increase 
required for 4 1/2- inch 
tube (inches) 


0.340 




0.115 


0.115 


0.300 




0.110 


0.105 


0.280 




0.100 


0.100 


0.260 




0.095 


0.100 


0.240 


0.090 


0.090 


0.095 


0.220 


0.080 


0.090 


0.090 


0.200 


0.080 


0.090 




0.180 


0.080 






0. 165 


0.075 







When tube renewals are accomplished by a 
repair activity, the repair activity must furnish 
the ship with a charted diagram showing the tubes 
renewed and the date of renewal. Maintaining ac- 
curate records of tube renewal provides an accu- 



rate basis for determining the areas from which 
specimen tubes must be removed for examination. 

A supply of forms for maintaining a tube 
renewal record may be obtained from the Naval 
Ship Systems Command. 
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CHAPTER 7 

HEAT EXCHANGERS 



As a Boilermaker, you will be required to 
test, maintain, and repair a number of heat 
exchangers. These may include main and auxil- 
iary condensers, fuel oil heaters, lube oil 
coolers, and a number of miscellaneous heat 
exchangers used for various purposes aboard 
ship. 

What is a heat exchanger 7 Any device or 
apparatus designed to allow the transfer of 
heat from one fluid (liquid or gas) to another 
fluid is a heat exchanger. Items such as 
boilers, distilling plants, and deaerating feed 
tanks are, of course, primary examples of 
heat exchangers; in common usage, however, 
these large and relatively complex pieces of 
equpment are seldom referred to as heat 
exchangers. This chapter deals with the sim- 
pler kinds of heat exchangers-condensers, heat- 
ers, and coolers. 

FACTORS AFFECTING HEAT TRANSFER 

In order for heat to be transferred from 
one substance to another, a temperature dif- 
ference is required. Heat flow or heat transfer 
can occur only from a substance that is at a 
higher temperature to a substance that is at 
a lower temperature. When two objects at dif- 
ferent temperatures are placed in contact with 
each other, or near to each other, heat will 
flow from the warmer object to the cooler 
one until both objects are at the same temper- 
ature. Heat transfer occurs at a faster rate 
when there is a large temperature difference 
than when there is only a slight temperature 
difference. As the temperature difference ap- 
proaches zero, the rate of heat flow also 
approaches zero. 

A number of factors affect the transfer of 
heat from one fluid to another in a heat ex- 



changer. Among the most important of these 
are: the temperature difference; the extent 
and nature of the fluid film on each side of the 
tube metal; the physical properties of the fluids, 
of the fluid films, and of the metal through 
which the heat transfer takes place; the length 
and area of the heat-flow path; the types of 
surfaces involved; and the velocity of flow 
of both fluids. While some of these factors 
are primarily design considerations, rather 
than matters of immediate practical impor- 
tance, some of them are important as a basis 
for understanding the functions and construc- 
tion of real heat exchangers. 

Temperature Difference 

As already stated, heat flows at a faster 
rate when there is a large temperature dif- 
ference than when there is only a slight tem- 
perature difference. In the case of conduction 
through a solid, the rate of heat transfer is 
quite directly dependent upon the temperature 
difference. In the case of radiation by a solid, 
the effect of an increase in temperature can 
be startlingly great. The ability of hot gases 
to radiate heat is also affected by the temper- 
ature difference, but in a less regular fashion; 
however, at very high temperatures such as 
those that exist in a boiler furnace there is a 
considerable amount of heat transfer by radia- 
tion from the hot gases. 

Fluid Film 

The transfer of heat in a heat exchangers 
involves more than the flow of heat from the 
hot fluid to the tube metal and from the tube 
metal to the cold fluid. In order for heat to 
flow from the hot fluid to the cold fluid, it 
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must also be transferred through two layers of 
fluid (one on the inside and one on the outside 
of the tube) that are not flowing with the re- 
mainder of the fluid but are almost motionless. 
These relatively stagnant layers, known as 
BOUNDARY LAYERS or FLUID FILMS, are 
extremely small in size but have an extremely 
important effect on heat transfer. 

Most fluids are very poor conductors of 
heat. As a fluid is flowing, however, convec- 
tion and mechanical mixing of the fluid bring 
the molecules into such intimate contact that 
conduction can and does occur, as shown by 
the fact that the temperature of a flowing 
fluid tends to equalize rather rapidly. 

Since the fluid film is almost motion- 
less, heat transfer through the film is very 
poor. The effect of fluid films on heat transfer 
is shown in figure 7-1. The heavy line indicates 
the changes in temperature that occur as heat 
is transferred from the hot fluid to the fluid 
film; from this fluid film to the tube metal; 
from the tube metal to the other fluid film; 
and from this fluid film to the cold fluid that 
is flowing through the tube. As you can see, 
the major part of the temperature drop occurs 
in the fluid films rather than in the tube metal. 
Note, also, that the thicker fluid film (in 
this example, it is shown on the inside of the 
tube) is more resistant to heat transfer than 
the thinner fluid film. 

The amount of resistance that a fluid film 
offers to heat transfer depends not only upon 
the temperature difference and the thickness 
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Figure 7-1. -Effect of fluid film 
on heat transfer. 



of the film but also upon the viscosity and the 
density of the fluids, the smoothness of the 
tube surface, the velocity of flow, and the 
nature of the flow (whether smooth or turbu- 
lent). The velocity of flow affects the thick- 
ness of the fluid film; the faster the fluid is 
flowing, the thinner the film will be. Turbulent 
flow breaks up the fluid film and thus improves 
heat transfer. Many heat exchangers are de- 
signed to operate with a certain amount of 
turbulence so that the fluid films will be 
reduced. 

Physical Properties 

The density, viscosity, specific heat, ther- 
mal conductivity, and other physical properties 
of the fluids and of the tube metal have definite 
effects on heat transfer. These effects are, in 
general, design considerations; however, the 
property of thermal conductivity deserves some 
attention here because it has a direct, prac- 
tical relationship to the operation of real heat 
exchangers. 

Thermal conductivity is defined and dis- 
cussed in chapter 5 of this training manual. 
The important thing to note at this point is 
that thermal conductivity varies from one sub- 
stance to another (and sometimes from one 
condition to another in the same substance) 
and that the DIFFERENCES in thermal con- 
ductivity cause many heat-transfer problems. 

For example, let's look again at figure 
7-1. Although the thermal conductivity of any 
fluid is quite low, we see practically no tem- 
perature drop in either the hot fluid or the 
cold fluid as long as they are moving. As men- 
tioned before, the ability of the fluids to transfer 
heat is tremendously increased by the fact 
that the fluids are moving rapidly. In the fluid 
films, there is a great temperature drop be- 
cause the fluid in these films is scarcely 
moving at all and is therefore a very poor con- 
ductor of heat. There is relatively little tem- 
perature drop across the tube metal, since 
the metal is selected for this service because 
it is a good conductor of heat. 

Now let's add a layer of soot on the out- 
side of the tube and a layer of scale on the 
inside of the tube. The heat -transfer picture 
now looks something like that shown in fig- 
ure 7-2. Note that in each layer there is a 
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Figure 7-2.— Effect of deposits 
on heat transfer. 

somewhat different tempeature drop; this is 
due partly to differences in thermal conduc- 
tivity and partly to differences in the thick- 
nesses of the layers. 

As may be seen by a comparison of fig- 
ures 7-1 and 7-2, the total amount of heat 
transferred from the hot fluid to the cold 
fluid is reduced by the presence of the layer 
of soot and the layer of scale. In this lies the 
practical importance of the property of thermal 
conductivity. If soot and scale had the same 
thermal conductivity as the tube metal, there 
would be no problem. Since they are poorer 
conductors of heat, two problems arise. The 
layer of soot (and note that a layer of dirt 
would have the same effect) reduces the amount 
of heat transferred to the tube metal, and 
thus reduces the efficiency of the heat ex- 
changer. The layer of scale (or any deposit 
inside the tube) reduces the amount of heat 
transferred from the tube metal to the cold 
fluid, thus reducing the efficiency of the heat 
exchanger AND causing overheating of the 
tube metal. 

Radiation Surface 

The amount of heat that can be trans- 
ferred by radiation is directly related to the 
size (surface area) and condition of the radia- 
ting surface. In general, dark, rough surfaces 
absorb and radiate more heat than light, smooth, 
or polished surfaces. 



Velocity of Flow 

As already noted, the velocity of flow affects 
heat transfer because the fluid film becomes 
thinner as the velocity of the fluid is increased 
and because faster flow increases the conduc- 
tivity of the fluids. It is important to make a 
clear distinction between temperature and heat 
when considering the effects of velocity; for 
example, the amount of heat transferred to 
steam flowing through a superheater is in- 
creased if the velocity is increased, but the 
temperature of the steam decreases as the 
rate of steam flow increases. 

CLASSIFICATION OF HEAT EXCHANGERS 

Heat exchangers may be classified accord- 
ing to (1) their basic function with respect to 
temperature changes or changes of state in one 
or both fluids; (2) the path of heat flow; (3) the 
relative direction of the flow of the fluids; 
(4) the number of times that either fluid passes 
the other fluid; and (5) general construction 
features such as the type of surface and the 
arrangement of component parts. The types 
of heat exchangers in common use on naval 
ships are described in the following sections 
in terms of these basic methods of classifi- 
cation. 

Functions of Heat Exchangers 

The primary purpose of any heat exchanger 
is, of course, the transfer of heat from one 
substance to another. However, there are sev- 
eral different reasons why it is necessary or 
desirable to transfer heat. 

In some heat exchangers we want to RAISE 
THE TEMPERATURE of one fluid. Fuel oil 
heaters, combustion air preheaters, lube oil 
heaters, and many other heat exchangers used 
on board ship serve this function. 

In some heat exchangers we want to LOWER 
THE TEMPERATURE of one fluid. Lube oil 
coolers, boiler water sample coolers, and 
desuperheaters are examples of this type of 
heat exchanger. 

In condensers, we want to REMOVE LA- 
TENT HEAT from a fluid in order to make it 
change from a gas to a liquid. Very often, we 
want to remove the latent heat without removing 
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any sensible heat-that is, we want to change the 
state of the fluid but do not want to lower its 
temperature. For example, the purpose of the 
main condenser is to remove the latent heat 
from the turbine exhaust steam so that the 
steam will condense. In this process, however, 
we do NOT want to lower the temperature of 
the condensate. Since any heat removed from 
the condensate must be replaced in the de- 
aerating feed tank or in the boiler, lowering 
the temperature of the condensate is wasteful 
of heat and therefore wasteful of fuel. 

In some heat exchangers, we want to ADD 
LATENT HEAT to a fluid in order to make it 
change from a liquid to a gas. The generating 
part of a boiler is a good example of this type 
of heat exchanger. Since it is impossible to 
raise the temperature of the steam as long as 
it is in contact with the water from which it is 
being generated, the steam does not increase 
in temperature until it has been drawn off into 
another heat exchanger (the superheater). 

Path of Heat Flow 

When classified according to the path of 
heat flow, heat exchangers are of two basic 
types. In the INDIRECT or SURFACE type of 
heat exchanger, the heat flows from one fluid 
to the other through some kind of tube, plate, 
or other "surface" that separates the two 
fluids; consequently, there is no mixing of the 
fluids. In the DIRECT-CONTACT type of heat 
exchanger, the heat is transferred directly 
from one fluid to another as the two fluids 
mix. The deaerating feed tank is a direct- 
contact heat exchanger; practically all other heat 
exchangers used on board ship are of the in- 
direct or surface type. 

Direction of Fluid Flow 

In surface heat exchangers, the fluids may 
flow parallel to each other, counter to each 
other, or at right angles to each other (cross 
flow). 

In PARALLEL FLOW, shown in figure 
7-3, both fluids flow in the same direction. 
If a parallel-flow heat exchanger has a long 
enough heat -transfer surface, the temperatures 
of the two fluids will be just about equal as 
the fluids leave the heat exchanger. 
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Figure 7-3.— Parallel flow in heat exchanger. 

In COUNTER FLOW, shown in figure 7-4, 
the two fluids flow in opposite directions. 
Counter -flow heat exchangers are used in many 
applications where it is necessary to obtain a 
large temperature change in the cooled or 
heated fluid. 




98.31 

Figure 7-4.— Counter flow in heat exchanger. 

In CROSS FLOW, shown in figure 7-5, one 
fluid flows at right angles to the other. Cross 
flow is particularly useful for removing latent 
heat and thus condensing a vapor to a liquid. 

Counter -flow and cross -flow heat ex- 
changers are more commonly used than the 
parallel-flow on board ship. Fuel oil heaters, 
lube oil coolers, and many internal combus- 
tion engine coolers are examples of the 
counter-flow type. Cross flow is used for most 
condensers, including the main and auxiliary 
condensers. In many heat exchangers, the types 
of flow are combined in various ways so that 
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Figure 7-5.— Cross flow in heat exchanger. 

it is not always easy to determine whether the 
flow is basically parallel, counter, or cross. 

Number of Passes 

Surface heat exchangers may be classified 
as SINGLE -PASS units, if each fluid passes 
the other only once, or as MULTIPASS units, 
if one fluid passes the other more than once. 
Multipass flow may be obtained by the arrange- 
ment of the tubes and of the fluid inlets and 
outlets, or it may be obtained by using baffles 
to guide a fluid so that it passes the other fluid 
more than once before it leaves the heat ex- 
changer. 

Type of Surface 

Surface heat exchangers are known as 
PLAIN-SURFACE units, if the surface is rela- 
tively smooth, or as EXTENDED-SURFACE 
units, if the surface is fitted with rings, fins, 
studs, or some other kind of extension. The 
main advantage of the extended surface lies in 
the fact that the extensions increase the heat- 
transfer area without requiring any substantial 
increase in the over-all size and weight of 
the unit. 

You will find many examples of plain - 
surface heat exchangers aboard ship-condens- 
ers, lube oil coolers, and some fuel oil heat- 
ers, to name but a few. The G-fin type of fuel 
oil heater is an example of an extended-surface 



heat exchanger, as is the economizer of a 
boiler. 

Type of Construction 

Surface heat exchangers are often called 
by names that indicate general features of 
design and construction. Basically, all surface 
heat exchangers are of SHELL-AND-TUBE 
construction. However, the shell-and-tube ar- 
rangement is modified in various ways and in 
some cases it is not easy to recognize the 
basic design. Shell-and-tube heat exchangers 
include such types as (1) straight -tube, (2) U- 
tube, (3) helical- or spiral-tube, (4) double- 
tube, (5) strut-tube, and (6) plate -tube heat 
exchangers. 

In STRAIGHT-TUBE heat exchangers, the 
tubes are usually arranged in a bundle and 
enclosed in a cylindrical shell. The ends of 
the tubes may be expanded into a tube sheet 
at each end of the bundle or they may be ex- 
panded into one tube sheet and packed and 
ferruled into the other. The use of ferrules 
allows the tube to expand and contract slightly 
with temperature changes. 

A distributing chamber or header (often 
called the water box) at each end of the cylin- 
drical shell provides a place for the distribu- 
tion and the collection of the fluid that flows 
through the tubes. 

Because the tubes, shell, and other parts of 
a heat exchanger heat and cool at different 
rates, some provision must be made for ex- 
pansion and contraction. When the use of pack- 
ing does not provide an adequate allowance 
for expansion and contraction, a bellows -type 
or a ring -type expansion joint may be used in 
the cylindrical shell. Other methods of pro- 
viding for expansion and contraction include the 
use of slightly curved tubes and the use of a 
floating head construction. One type of floating 
head is illustrated in figure 7-6. 

Many straight -tube heat exchangers have 
baffles and tube support plates that serve to 
direct the flow of the fluid outside the tubes. 
These baffles and support plates cause some 
turbulence, and thereby improve heat transfer 
by disturbing the fluid film. Strips of metal 
twisted into a spiral shape may be fitted on 
the inside of the tubes to cause turbulence. 
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Figure 7-6. — Floating head construction 
of heat exchanger. 

U-BEND heat exchangers, sometimes called 
RETURN-BEND heat exchangers, consist of a 
bundle of U-shaped tubes inside a shell. Since 
the tubes are U-shaped, there is only one tube 
sheet. The shape of the tubes provides a suf- 
ficient allowance for expansion and contraction. 

HELICAL-TUBE or SPIRAL-TUBE heat 
exchangers have one or more coils of tubing 
installed inside a shell. The tubes may com- 
municate with headers at each end of the shell; 
or, in the case of relatively simple units such 



as boiler water sample coolers, the ends of 
the tubing may pass through the shell and serve 
as the inlet and the outlet for the fluid that 
flows through the coil of tubing. 

DOUBLE -TUBE heat exchangers have one 
tube inside another. One fluid flows through the 
inner tube and the other flows between the outer 
and the inner tube. The outer tube may thus be 
regarded as the shell for each inner tube. The 
shells or outer tubes are usually arranged in 
banks and are connected at one end by a com- 
mon tube sheet and a partitioned cover that 
serves to direct the flow. Many double-tube 
heat exchangers are of U-bend construction to 
allow for expansion and contraction. The sec- 
tional G-fin fuel oil heater commonly used in 
the Navy is an example of a double -tube heat 
exchanger. 

STRUT-TUBE and PLATE-TUBE heat ex- 
changers are noticeably different in design 
from the other shell-and-tube heat exchangers. 
The tubes in both strut -tube and plate -tube heat 
exchangers consist of pairs of flat, oblong strips; 
one fluid flows inside the tubes and the other 
flows around the outside. Strut -tube and plate - 
tube heat exchangers are used primarily as 
water coolers and lubricating oil coolers in 
internal combustion engines; they are also used 
as lube oil coolers for some small auxiliary 
turbines* 

MAIN CONDENSERS 

The general arrangement of a main con- 
denser is shown in figure 7-7. As may be 
seen, there are two separate circuits in this 
heat exchanger. In the VAPOR-CONDENSATE 
circuit, the steam exhausted from the low- 
pressure turbine enters at the top of the 
condenser and, as it gives up latent heat, 
condenses and drops to the bottom of the 
condenser as condensate. The other circuit is 
the SEA WATER circuit, which provides a 
medium for the removal of latent heat from 
the steam. 

During normal ahead operation, sea water 
flow through the condenser tubes is provided 
automatically by means of the injector scoop. 
The scoop, which is open to the sea, directs 
the water into the inlet water box; from there it 
flows once through the tubes, into the discharge 
water box, and then overboard through the main 
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Figure 7-7.— Arrangement of main condenser. 

overboard sea chest. A main circulating pump 
provides positive circulation of sea water 
through the condenser at times when the scoop 
injection system is not sufficient-as, for ex- 
ample, when the ship is stopped, backing down, 
or moving ahead at very slow speeds. 

Construction of Main Condensers 

All main condensers that have scoop injec- 
tion are of the straight -tube, single -pass type, 
of the general construction shown in figures 
7-8 and 7-9. 

A main condenser may contain from 2000 
to 10,000 copper-nickel alloy tubes, usually of 
5/8-inch diameter. The length of the tubes and 
the number of tubes depends upon the size of 
the condenser; and this, in turn, depends upon 
the capacity requirements. The tube ends are 



usually expanded into the tube sheet at the 
inlet end and are flared after expansion. The 
outlet tube ends are either expanded or else 

packed or ferruled into the tube sheet. Con- 
densers having tubes ferruled into each tube 
sheet are found in a few older ships. 

The tube sheets serve as partitions be- 
tween the salt water circuit and the vapor - 
condensate circuit. Access to the tube sheets is 
by way of manholes in each water box. 

Various methods of construction are used 
to provide for relative expansion and con- 
traction of the shell and tubes in main con- 
densers. Packing the tubes at the outlet end 
is sometimes sufficient. Where the tubes are 
expanded into each tube sheet, the shell may 
have an expansion joint. In some condensers 
the tubes are arranged to bow upward about 
half an inch at the middle; this provides for 
expansion and contraction and also makes it 
easier to drain the condenser. Expansion joints 
are also provided in the scoop injection line 
and in the overboard discharge line as shown 
in figurfe 7-7. In recent installations, a flexible 
support foot or lubricated sliding feet are pro- 
vided to compensate for expansion and contrac- 
tion differentials between the shell and the 
foundation. 

Strainer bars are installed in the sea chest 
or injection pipe area to strain out seaweed, 
fish, and other material that could clog the 
piping or the condenser tubes. (Before you 
laugh at the idea of fish in the condenser, 
consider the plight of one poor fish that entered 
a two-pass auxiliary condenser and managed 
to stay in the return-end water box until it 
had grown too large to get out through the 
return tubes.) 

As the steam is condensed on the tubes, 
the condensate drips down and collects on a 
heating tray. Because of the arrangements 

made for steam flow in a main condenser, some 
steam flows under the tube bundle and thereby 
reheats the condensate. From the heating tray, 
the condensate drains to the hot well, where 
the condensate pump takes suction. 

Main condensers have various internal 
baffle arrangements for the purpose of sepa- 
rating air and steam so that the air ejectors 
will not be overloaded by having to pump large 
quantities of steam with the air. One arrange- 
ment that provides separate air-cooling sec- 
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Figure 7-8. — Cross- sectional view of main condenser. 
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tions is shown in figure 7-8. The supporting 
flanges shown in figure 7-8 rest on foundation 
structures built into the ship. The air baffles 
are extended up the side of the condenser shell. 

In some installations the condenser is hung 
from the low-pressure turbine so that the tur- 
bine supports the condenser. This arrangement 
differs from that shown in figure 7-8, where 
the steam lane is centrally located. Where the 
condenser is hung from the turbine, sway 
braces are used to connect the lower part of 
the condenser shell with the ship's structure. 
Spring supports are sometimes used to support 
part of the weight of the condenser so that the 
entire weight will not be supported by the 
turbine. 

Main Condenser Tube Work 

The routine care and maintenance of main 
condensers is ordinarily the responsibility of 



men of the Machinist's Mate rating, and is 
therefore not taken up in this training manual. 
However, certain repairs-tube renewals, in 
particular- are likely to be the responsibility 
of Boilermakers on repair ships or tenders. 
The following sections of this chapter deal with 
various aspects of main condenser tube work. 

Testing Condensers for Leakage.-Several 
methods are commonly used to test condens- 
ers for leakage. In all cases, of course, the 
turbines and the condenser must be secured 
and the salt water side of the condenser must 
be drained. 

The preferred method of testing for leaks 
is to place the steam side under an air pres- 
sure of about 5 psig and to slowly fill the salt 
water side with salt water. Leaky tubes are 
indicated by air bubbles coming out of the ends 
of the tubes. The procedure for making this 
test is as follows: 
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Figure 7-9.— Cutaway view of main condenser. 



1. Close the main injection and overboard 
valves, and SECURE THEM AGAINST ACCI- 
DENTAL OPENING. Drain the sea water side 
of the condenser, 

2. Remove the inspection plates (manhole 
plates) from the water boxes. 

3. Secure the condensate pump suction, 
vent, and recirculating line. 

4. Secure all turbine drains to the condenser. 

5. Secure the low-pressure drain connec- 
tion to the condenser. 

6. Blank off all steam -side relief valve 
connections, whether on the turbine casing or 
on the condenser shell. 

7. Close the auxiliary exhaust valve to the 
condenser. 

8. Close the air ejector condenser drains. 



9. Close or blank off the makeup feed valve 
and the excess feed valve. 

10. Secure the recirculating line from the 
deaerating feed tank to the condenser. 

11. Put the steam side of the condenser 
under an air pressure of about 5 psig. This 
may be done by admitting air through the ex- 
haust pressure gage fitting on the exhaust trunk 
from the low-pressure turbine, or through some 
other convenient connection. The largest fitting 
that is consistent with the size of the available 
air hose should be used, since a considerable 
volume of air is required to pressurize the 
steam side of the condenser. Let the air pres- 
sure build up slowly, to avoid overloading the 
air compressor and to avoid building up more 
than 5 psig in the condenser. 
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12. Line up and cut in the turbine gland 
sealing steam, if this is necessary in order to 
achieve a pressure of 5 psig in the condenser. 

13. Slowly fill the salt water side with sea 
water. Observe the tube ends carefully as the 
water rises and covers them. Air bubbles 
coming from the tube ends indicate a leaky 
tube. 

14. Mark all leaky tubes immediately. It 
is possible to mark them with a grease pencil. 
However, a better way to mark a defective 
tube is by putting a wooden plug in each end. 
This system of marking has the advantage of 
stopping the bubbling of air, so that you will 
not be misled as to the condition of the tubes 
directly above. 

15. As the water level approaches the 
openings, replace the inspection plates. In 
most condensers there are a number of tubes 
that are above the lower edge of the inspection 
openings; these tubes must be tested with 
soapsuds or with a candle flame, as their 
ends cannot be covered with water for inspec- 
tion. 

The candle test may be used to find large 
leaks such as might be caused by a split tube. 
The two ways of making the candle test are: 

FIRST METHOD: Operate the air ejectors, 
and provide for circulation of condensate through 
the air ejector condenser by using the con- 
densate pump and a recirculation line. Pass a 
lighted candle along the rows of the tube ends. 
The candle flame will be drawn into the ends 
of the tubes in which there are large leaks. 
Mark the defective tubes immediately with 
chalk or a grease pencil. 

SECOND METHOD: Put the steam side of 
the condenser under an air pressure of about 
5 psig, by the method previously described. 
Pass a lighted candle along the rows of tube 
ends. The candle flame will be deflected away 
from the ends of the tubes in which there are 
large leaks. Mark the defective tubes as soon 
as you find them. 

The soapsuds test can be used to locate 
both small and large leaks. The procedure 
for making this test is: 

1. Drain the salt water side of the con- 
denser. 



2. Remove the inspection plates from the 
water boxes. 

3. Fill the steam side of the condenser 
with FRESH water to as high a level as 
possible. 

4. Cover all tube ends with a heavy coating 
of soapsuds. 

5. By the method previously described, 
apply an air pressure of about 5 psig on top 
of the water. (Don't forget to use the gland 
sealing steam to prevent the escape of air 
from the turbine glands.) 

6. Inspect for leaks. Leaky tubes will be 
indicated either by water trickling from the 
tube ends or by bubbling of the soapsuds. 

Occasionally, none of the methods described 
above are adequate for detecting condenser 
leaks. In such cases, test for leaks by filling 
the steam side of the condenser with fresh 
water to which has been added a small amount 
of Navy sea marker dye. 

This dye is readily detectable on the tube 
sheet as it issues from a tube leak, when used 
in the proper concentrations. If a portable 
battery-operated ultraviolet lamp is available 
for use in inspecting the tube sheets, use only 
1.5 ounces of the dye per 1000 gallons of fresh 
water. If the tube sheets must be inspected by 
flashlight, use 3 ounces of the dye per 1000 
gallons of fresh water. When used in either of 
these concentractions, the dye is not poisonous. 
However, the dye contains chlorides which must 
NOT be allowed to remain on the steam side 
of the condenser, since they would contaminate 
the condensate and eventually enter the boiler. 

PRECAUTIONS to be observed when test- 
ing condensers for leakage are given in NavShips 
Technical Manual chapter 9460. Some of the most 
important safety precautions are: 

L Before opening the salt water side of a 
condenser, close and secure all sea connec- 
tions, including the main injection, the circu- 
lating pump suction, and the main overboard 
stop valves. 

2. Before removing a manhole or handhole 
plate, drain the saltwater side by using the drain 
valve in the inlet water box. Draining the salt 
water side in this manner provides a check on 
tightness of closure of all sea connections. 
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3. Never subject a condenser shell to test 
pressures in excess of 15 psig. 

4. Never use an open flame or any sparking 
object in a newly opened condenser until the 
condenser has been thoroughly blown out with 
steam or air, and it has been definitely estab- 
lished that there is no explosive hazard from 
hydrogen gas or any other gas. Condenser ex- 
plosions have occurred as the result of failure 
to observe this precaution. 

5. Always drain the salt water side before 
flooding the steam side, and keep the salt water 
side free of water until after the steam side 
has been emptied. 

Plugging Condenser Tubes.-Main condenser 
tubes that fail in service should be plugged at 
each end with the type of tube plugs originally 
furnished by the manufacturer of the condenser. 
The manufacturer's instructions should be fol- 
lowed in plugging condenser tubes. Plugs should 
be driven firmly into the tube ends by light 
hammer blows. If a metal plug is used to plug 
tube sheet holes after a tube has been removed, 
a short section of tube should be installed at 
each end and expanded into the tube sheet to 
protect the tube sheet holes from damage. 

Tubes that leak at the tube joints but that 
are otherwise in good condition should NOT be 
plugged. Such tubes should be rerolled or re- 
packed rather than plugged. 

When several tube leaks occur close to- 
gether and in such a location that steam-side 
erosion may be suspected as the cause of 
trouble, steel rods should be inserted into the 
damaged tubes before the ends are plugged. 
These rods will serve as a sort of baffle or 
shield to protect adjacent tubes from similar 
damage from erosion. The steel rods should be 
slightly smaller in diameter than the tubes. In 
order to minimize lengthwise working of the 
rods that would tend to loosen the plugs, rods 
should be installed in the following way: 

1. Cut each rod so that it is as long as it 
can be without interfering with the tube plugs. 

2. Cut two or three grooves in each end of 
the rod. The grooves should start about 2 
inches from the end, and should be spaced 
about 1 inch apart. They should be deep enough 
and wide enough to take a standard condenser 
tube fiber packing ring. 



3. Cut a segment from one fiber packing 
ring for each groove in the rod. Cut the packing 
ring in such a way that when the ends are 
brought together the resulting ring will fill a 
groove in the steel rod and make a snug fit 
in the tube. 

4. Insert the rods, together with the pack- 
ing rings, in the tubes that are to be plugged. 
Center the rods properly; spray the packing 
with fresh water so that it will swell; and then 
plug the tube ends. 

Main condenser tubes that have been plugged 
should be renewed at the first naval shipyard 
availability if the water boxes are to be re- 
moved for other work. Tubes that have had steel 
rods inserted to protect other tubes against ero- 
sion should NOT be replaced unless the cause 
of the erosion has been found and corrected. 

Repairing Condenser Tube Sheets. -Although 
leakage through main condenser tube sheets is 
extremely uncommon, it has been known to occur 
as the result of the tube sheets becoming porous 
or cracked. On newer ships, the metals used 
for main condenser tube sheets are highly 
resistant to porosity and cracking; and even on 
older installations there is very little history 
of main condenser tube sheet failures. The 
chances are, therefore, that you will never be 
called upon to repair main condenser tube 
sheets. 

However, there are two procedures that 
you should know about that might be used in 
an emergency to control leakage through the 
tube sheet. These procedures are TEMPORARY 
in nature. Any main condenser tube sheet that 
is porous or cracked enough to leak (as shown 
by salting up of the condenser) should be re- 
ported to the Naval Ship Systems Command 
immediately so that a replacement tube sheet 
may be requisitioned for installation at the 
first opportunity. 

POROSITY can be stopped temporarily by 
tinning or by peening. As a rule, tube sheets 
should not be painted with boiled linseed oil or 
other coatings. 

A tube sheet CRACK may be temporarily 
"stitched" by the following procedure: 

1. Drill holes at each end of the crack 
(if the crack does not terminate in tube sheet 



141 



BOILERMAKER 1 & C 



holes) and at close intervals all along the 
crack. Do NOT drill any hole deeper than 
one-half the thickness of the tube sheet. 

2. Insert threaded brass or copper plugs 
into the drilled holes. When fully screwed in, 
the plug should have at least five threads 
engaged and should project about 1/4 inch. 

3. If the crack terminates in tube sheet 
holes, as it most likely will, remove the tubes 
from these holes and close the holes with 
threaded metal plugs. 

4. After all plugs have been screwed into 
position, lightly but thoroughly rivet down the 
projecting ends of the plugs to form a com- 
plete layer of metal over the crack. 

Renewing Condenser Tubes. -Retubing of 
main condensers requires prior approval by the 
Naval Ship Systems Command. As a rule, partial 
retubing of main condensers is not considered 
to be economical. Under certain circumstances, 
however, partial retubing may be authorized. 

Since you have probably had more experi- 
ence in boiler tube work than in condenser tube 
work, you should note the differences between 
the two kinds of work. In some ways, condenser 
tube work is easier than boiler tube work be- 
cause the materials used are so much softer. 
However, the very fact that they are softer 
means that they are also much more easily 
damaged. If you go at a condenser retubing 
job as though you were working on a boiler, 
you may end up with damaged tubes and com- 
pletely ruined tube sheet holes. 

Some repair activities have special equip- 
ment for the rapid removal of old condenser 
tubes. If such equipment is not available, the 
old tubes may be cut to short lengths inside the 
shell and a drift may be used to drive the tube 
ends out of the tube sheets. Figure 7-10 shows 
a drift that is suitable for use on condenser 
tubes of 5/8- inch outside diameter and 0.049- 
inch wall thickness. 

If serious difficulty is encountered in re- 
moving expanded tubes, it may be necessary 
to ream the expanded ends until only a thin and 
easily removable shell of tube metal remains 
in the tube hole. A reamer of the type shown 
in figure 7-11 may be used for this purpose; 
it should be fitted with a pilot that closely fits 
the inside bore of the tube. The reamer should 
be used ONLY by skilled personnel who can 
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Figure 7-10.-Drift for driving tube ends from 
tube sheets (dimensions are for tubes 
of 5/8-inch OD and 0.049-inch 
wall thickness). 

use it without letting it touch or mar the sur- 
faces of the tube holes in the tube sheets. 
Regardless of the method used to remove the 
tubes, the tube holes in the tube sheet must 
not be damaged in any way. 

Before replacement tubes are installed, 
all interior parts of the condenser must be 
thoroughly inspected. If there is any doubt as 
to the condition of the joints between the tube 
sheets and the condenser shell, the tube sheets 
should be removed, the flanges trued, and the 
joints regasketed. Joints between stay rods 
and tube sheets should be remade, and the stay 
rod glands should be repacked. 

Replacement tubes must be of the material 
specified by the Naval Ship Systems Command. 
Metals used in condensers and other heat ex- 
changers are discussed in chapter 5 of this 
training manual. 

Replacement tubes are generally furnished 
in stock lengths and must be cut to size before 
installation. It is good practice to cut the tubes 
about 1/8 inch longer than the distance between 
the outside faces of the tube sheets. 

After complete removal of the old tubes, 
insertion of the new tubes is most easily ac- 
complished by having men inside the condenser 
to guide the tubes through the proper holes in 
the support plates and tube sheets. 

Nearly all main condensers installed on 
naval ships have the inlet tube ends expanded 
into the tube sheet holes, making a metal-to- 
metal joint. In many installations, the outlet 
ends are also expanded. When main condenser 
tubes are expanded at both ends, one or more 
grooves or serrations are usually made in the 
tube holes in order to increase the holding 
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Figure 7-11.— Reamer for removing 
expanded tube ends. 

power of the expanded tubes. The serrations 
or grooves should be thoroughly cleaned out 
and all burrs should be removed before the 
tubes are installed. 

Tube expanders used for main condensers 
should be those that conform to Navy specifica- 
tion and that are furnished by the manufacturer 
or the shipbuilder as on board tools. No other 
type of tube expanders should ever be used for 
expanding main condenser tubes. When expanding 
the tube ends, adjust the expander so that it 
will NOT expand the last 1/8 inch at the inner 
edge of tube hole. Expanding a tube completely 
through the length of the tube hole causes the 
tube to bulge just inside the inner face of the 
tube sheet. These bulges make it extremely 
difficult to remove the tubes later. 

Approved automatic tube -expander controls 
should be used to ensure the correct expansion 
of the tubes. These automatic controls are 
available on tenders and repair ships and at 
naval shipyards. 

The inlet ends of the tubes should be flared 
or belled after expansion. Tubes that are 5/8 
inch in outside diameter should be flared to 
3/4 inch; tubes that are 3/4 inch in outside 
diameter should be flared to 7/8 inch. Figure 
7-12 shows a flaring tool suitable for use with 
tubes that are 5/8 inch in outside diameter and 
0.049 inch in wall thickness. When flaring the 
tube ends, work carefully to avoid cutting the 
tube metal or thinning it out too much. After 
the inlet tube ends have been flared, mill or 
grind the projecting flared ends until they are 
flush with the tube sheet surface. 

The outlet ends of the tubes need not be 
flared after expansion. When the outlet ends are 
expanded, rather than packed, the projecting ends 
may be left if they do not extend more than 
3/16 inch or they may be milled flush with the 
tube sheet surface. In no case should the tube 
ends be within the surface of the tube sheets. 
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Figure 7-12.— Tool for flaring main 
condenser tubes. 

When the outlet ends of main condenser 
tubes are packed rather than expanded, flexible 
metallic packing should be used. Before putting 
the new packing into the glands, the old packing 
must be completely removed and the threads 
or serrations must be thoroughly cleaned. In- 
structions for renewing the packing are given 
in NavShips Technical Manual , chapter 9460. 

AUXILIARY CONDENSERS 

Auxiliary (turbogenerator) condensers are 
generally quite similar to main condensers, 
except that they are smaller and are usually 
of two -pass rather than single -pass construc- 
tion. Figure 7-13 shows the general arrange- 
ment of a typical two-pass auxiliary condenser. 

Auxiliary condensers must handle varying 
quantities of exhaust steam, both when the ship 
is under way and when it is in port; conse- 
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Figure 7-13.— General arrangement of 
auxiliary condenser. 
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quently, since the ship's motion cannot be 
depended upon to provide circulation of water, 
circulating pumps are used instead of the scoop 
injection system. 

The repair of auxiliary condensers is very 
similar to that just described for main con- 
densers. For details, consult the manufacturer's 
technical manual for any particular auxiliary 
condenser. 

FUEL OIL HEATERS 

There are four types of fuel oil heaters 
approved for use in the fuel oil service systems 
of naval vessels. They are all of the shell-and- 
tube type, but differ widely in design. The 
TYPE A heater is arranged so that the oil 
circulates inside the tubes and the steam cir- 



culates outside. The TYPE B heater, generally 
referred to as the G-FIN HEATER, is an 
extended-surface unit in which each inner finned 
tube is encased in a separate outer tube or 
shell. The G-fin heater, shown in figure 7-14, 
is perhaps the type most commonly used on 
naval combatant vessels. The TYPE C heater 
is an extended- surface unit in which each shell 
encloses more than one tube. The TYPE D unit 
is arranged so that the steam circulates inside 
the tubes and the oil circulates outside the tubes. 

As a Boilermaker, you may be required to 
test, clean, repair, reassemble, and reinstall fuel 
oil heaters. The information given in the following 
sections is, in general, applicable to all types of 
fuel oil heaters used in fuel oil service systems. 
For specific details, consult the manufacturer's 
technical manual for each installation. 
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Figure 7-14.-Sectional G-fin fuel oil heater. 
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Testing Fuel Oil Heaters 

The following tests are required for fuel 
oil heaters installed in the fuel oil service 
system: 

1. Whenever a fireroom has not steamed 
for a period of more than a week, and in any 
case at least once each quarter, the entire 
system on the discharge side of the fuel oil 
pump must be subjected to an oil pressure 
equal to the authorized setting of the fuel oil 
service pump discharge relief valve. 

2. When any part of the fuel oil system has 
undergone repairs that might affect either the 
tightness or the strength of any part, the entire 
system including the fuel oil heaters must be 
subjected to an oil pressure equal to 150 per- 
cent of the designed operating pressure. In 
addition, the steam side of the heater (including 
the piping from the heater steam throttle valve 
to the drain discharge cutout valve) must be 
subjected to a hydrostatic test pressure equal 
to the designed steam operating pressure of the 
heater. 

3. At least once each year, the steam side 
of all fuel oil heaters (including the piping 
from the throttle valve to the drain discharge 
cutout valve) must be subjected to a hydrostatic 
test pressure equal to the designed steam 
operating pressure of the heater. 

4. Every 5 years, the steam side of the 
fuel oil heaters must be subjected to a hydro- 
static test pressure of 1-1/2 times the designed 
steam operating pressure of the heater. 

Cleaning Fuel Oil Heaters 

Most fouling on the oil side of fuel oil 
heaters is caused by overheating the oil. As a 
rule, fuel oil heaters should be cleaned each 
time the boiler is overhauled; if this is done, 
there should be little need to clean them at 
other times unless abnormal operating condi- 
tions cause excessive fouling. 

Manual cleaning is approved ONLY for 
Type B and Type D heaters, and then only if it 
is done in strict accordance with the manufac- 
turer's instructions. A chemical method of 
cleaning that may be accomplished by forces 



afloat is approved for all types of fuel oil 
heaters. 

The materials and equipment required for 
the chemical cleaning of fuel oil heaters are: 

1. The cleaning agent, a heavy-duty de- 
greasing compound conforming to Navy speci- 
fication. This compound may be obtained from 
standard stock in 55 -gallon drums and in 5- 
gallon cans. 

2. A small, low-capacity pump. The fuel 
oil service pumps and other permanently in- 
stalled shipboard pumps should NOT be used 
for this service since the cleaning compound may 
attack certain types of packing. A spare water- 
circulating pump from some types of boat 
engines, connected to a small electric motor 
that operates at about 1750 rpm, makes a 
satisfactory pump for this use. 

3. A steam coil or immersion heater for 
heating the cleaning solution. 

4. A mixing tank or drum. 

5. A pressure gage. 

6. Piping and pipe fittings. 

The general arrangement for recirculating 
the cleaning compound through a fuel oil heater 
is shown in figure 7-15. The procedure for 
cleaning is as follows: 

1. Drain the fuel oil heater thoroughly. 
When cleaning a vertical, multipass heater, 
remove the plug from each pass in the bottom 
head to drain as much oil as possible from the 
heater. If the heater is heavily fouled, do not 
overlook the possibility that a tube or a con- 
nection may be totally blocked with sludge. 

2. Steam the oil side of the heater with 
low-pressure steam and condense the steam in 
water contained in an open -top drum. Continue 
to steam for 1 hour, or until oil ceases to 
collect on the water. 

3. Connect the pump discharge to the 
lower oil line branch of the heater, with a 
connection from the upper end leading back to 
the tank or drum. Install a valve at or near the 
tank, in the branch that leads from the upper 
end to the tank, and install a pressure gage 
between the valve and the fuel oil heater. 

4. Estimate the amount of cleaning solution 
that will be required to fill the heater and the 
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Figure 7- 15. -Arrangement for cleaning fuel oil heaters by recirculation of degreasing compound. 



piping. You will need MORE solution than this 
estimated amount, since there must be enough 
solution to be recirculated to the tank. In 
general, a 30-gallon or 50-gallon tank provides 
enough room for the cleaning solution. 

5. Start the supply and exhaust ventilation; 
maintain ventilation throughout the cleaning 
period. 

6. Dilute the degreasing compound in the 
proportion of 1 part of compound to 2 parts of 
water, by volume. Heat the solution to between 
140° and 170°F, and keep it within this tem- 
perature range throughout the entire recircu- 
lating period. 

7. If priming is required, remove the pipe 
plug in the tee fitting in the suction line and 
pour in enough cleaning solution to prime the 
pump. Replace the pipe plug, open the return 
flow valve to the tank or drum, and start the 
pump. 



8. Look for evidence of leakage in the 
recirculating system. Correct any leaks that 
you find. 

9. After return flow to the tank has been 
established, slowly close down on the return 
flow valve so as to establish and maintain a 
back pressure of about 5 to 10 psi on the gage. 

10. Circulate the warm solution through 
the heater for 2 hours. 

11. Use low-pressure air to blow the chem- 
ical from the heater back to the tank. Save 
the solution; two or three heaters can be cleaned 
with the same batch of the solution. 

12. Rinse the system by pumping hot water 
through it for about 15 minutes. If the supply 
of hot water is limited, fill the system once 
and then drain, to provide at least one rinse. 

13. Disconnect the solution line from the 
heater and connect the low-pressure steam 
hose to the inlet side of the heater. Lead a 
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hose from the outlet side to the air register 
of an idle boiler. Blow out with steam to re- 
move any remaining chemical. Continue blow- 
ing through with steam for 15 minutes, (or, if 
the system was only rinsed once instead of 
rinsed for 15 minutes, continue blowing through 
with steam for at least 30 minutes). 

14. Blow out the fuel oil heater with air. 

15. Determine the effectiveness of the 
cleaning. This may be done by opening up the 
fuel oil heater and making a visual inspection of 
the surfaces; or it may be done after the heater 
has been put back in service, by comparing the 
actual pressure drop across the oil side of the 
heater with the designed pressure drop as given 
in the manufacturer's technical manual. 

PRECAUTIONS to be observed when clean- 
ing fuel oil heaters by the method just described 
include: 

1. Never substitute any other chemical for 
the specified degreasing compound, except upon 
permission from Naval Ship Systems Command. 

2. Do not use degreasing compound on 
aluminum or zinc surfaces. 

3. Do not let the compound come in con- 
tact with skin or eyes. Wear protective equip- 
ment such as rubber gloves, rubber aprons, and 
goggles. If the compound does come in contact 
with skin, wash it off immediately with cold 
water. 

4. The vapors of the degreasing compound 
are relatively nontoxic. However, the area 
should be kept well ventilated during the entire 
cleaning process. 

5. Dispose of all oil-contaminated solutions 
in accordance with the provisions of the Oil 
Pollution Acts. 

Assembling and Reinstalling 
Fuel Oil Heaters 

Heaters that have been disassembled for 
manual cleaning or for inspection following 
chemical cleaning must be carefully reassem- 
bled. Always follow the applicable drawings in 
reassembling a fuel oil heater. 

Before or during reassembly, all bearing 
surfaces of gasketed joints should be cleaned. 
Gasket material should conform to the speci- 
fications given on the applicable drawings. 
Gaskets cut from sheet stock must be accurately 



laid out to ensure a proper fit. Bolted joints 
should be tightened evenly. 

When heaters have been removed for clean- 
ing, they should be hydrostatically tested on 
both the oil side and the steam side before they 
are reinstalled. This procedure will show up 
leaks which might not otherwise be noticed 
until the whole fuel oil service system is 
placed under test. 

When heaters are being reinstalled, any 
shims used in the original installation must be 
correctly placed so as to ensure alignment of 
the heater and the piping. In units that have 
slotted holes in the supports to permit expan- 
sion of the unit, the holddown bolts for these 
holes should be tightened only enough to make 
a snug fit. When reconnecting the steam and 
oil piping to a fuel oil heater, be sure that all 
flanges are clean, that the gaskets are of the 
specified material and in good condition, and 
that all bolted joints are taken up evenly. 

LUBRICATING OIL COOLERS 

A large number of lubricating oil coolers 
are used for various services on board ship. 
Because of the varying applications, lube oil 
coolers differ widely in capacity and in design. 

MAIN LUBE OIL COOLERS are normally 
shell-and-straight-tube units of the type shown 
in figure 7-16. Most main lube oil coolers are 
installed horizontally. The main lube oil cooler 
is connected into the lube oil supply line before 
the main lube oil header that supplies the 
turbine bearings and the reduction gears. 

Counter flow is generally employed for 
main lube oil coolers. The hot lube oil is 
pumped through the shell side, which has 
baffles and tube support plates to direct the 
flow of oil back and forth over the cooling 
surfaces of the tubes. 

The cooling water is sea water which is 
either pumped through the cooler or is taken 
from the main condenser main injection system. 
Lube oil coolers for main propulsion turbines 
using scoop injection of circulating water are 
of single -pass and straight-tube construction. 
After passing through the cooler, the water is 
discharged overboard. 

In most main lube oil coolers, the tubes 
are expanded into the tube sheets at both ends 
and one tube sheet is packed. 
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Figure 7-16.-Main lube oil cooler. 

In some existing installations, it may be 
necessary to use the cooler as a heater to 
warm up the lube oil. The steam connection 
shown in figure 7-16 is used for this purpose. 
Thus the heat exchanger that is commonly 
known as the main lube oil cooler may actually 
function either as a cooler or as a heater, 
depending upon the requirements. In general, 
the use of coolers for heating purposes should 
be limited as much as possible. 

A SHIP'S SERVICE GENERATOR LUBE 
OIL COOLER is shown in figure 7-17. The hot 
lube oil is pumped through the shell and around 
the tubes. The baffle arrangement causes the 
oil to make eight passes over the tubes before 
it reaches the oil outlet. Circulating water 
taken from the auxiliary condenser circulating 
pump (or from the main circulating pump, if 
the generator is exhausting to the main con- 
denser) enters the cooler through a strainer 
and makes two passes through the tubes before 
being discharged overboard. 

A plug-type bypass valve is mounted be- 
tween the oil inlet and outlet connections. In 
one position this valve directs the oil flow 
through the cooler; in the other position it 
shuts off the entrance to the cooler and cross- 
connects the inlet and the outlet, thus causing 
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Figure 7-17.-Ship's service generator 
lube oil cooler. 

the oil to bypass the cooler. The bypass is 
used when the unit is being warmed up or when 
the ship is operating in extremely coldwaters. 

Typical PUMP LUBE OIL COOLERS are 
shown in figures 7-18 and 7-19. The cooler 
shown in figure 7-18 is of strut-tube con- 
struction, while the one in figure 7-19 is of 
plate -tube construction. Strut- tube and plate 
tube coolers are also used for various other 
services, including the cooling of lube oil for 
forced draft blowers and internal combustion 
engines; the strut -tube type is also used for 
the cooling of water for internal combustion 
engines. 

Strut-tube and plate-tube coolers have 
replaceable core assemblies, and several core 
assemblies are usually carried as repair parts 
on board ship. In practically all cases of 
failure of this type of cooler, core replacement 
is all that is required to correct the trouble. It is 
seldom necessary to replace the entire cooler. 
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Figure 7-18.-Pump lube oil cooler 
(strut-tube type). 

If for some reason a new core assembly 
is not available, emergency repairs can be 
made with soft solder and a small torch. Take 
care not to heat the surrounding tubes so much 
that the solder already present will melt. 
Leaks in accessible tubes can be repaired 



directly. If the leak cannot be reached, the 
entire tube should be sealed at both ends. To 
do this, insert a small wire frame in .the end 
of the tube and then apply solder. The wire 
frame will give support to the solder and 
hold it in position until it solidifies. BOTH 
ends of the defective tube must be sealed in 
this manner. Not more than 5 percent of the 
total number of tubes should be sealed; sealing 
more than 5 percent of the tubes would result 
in a dangerous reduction in the capacity of the 
cooler. 

MISCELLANEOUS HEAT EXCHANGERS 

In addition to the condensers, fuel oil 
heaters, and lube oil coolers just described, 
you will find on any ship a great many other 
heat exchangers used for varying services. 
These include the air ejector condenser, the 
gland exhaust condenser, the vent condenser, 
the evaporator preheaters, coolers and con- 
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Figure 7-19.-Plate type cooler. 
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densers, feed water heaters (on some older 
and on some new nuclear-powered ships), com- 
bustion air preheaters (on a few new ships), 
fuel oil tank steam heating coils, fresh water 
coolers, air compressor coolers, battery cool- 
ers, water sample coolers, motor and generator 
air coolers, and many others. A few of these 
heat exchangers are described briefly in the 
following sections. 

The AIR EJECTOR CONDENSER ASSEM- 
BLY usually contains two condensers, an inter 
condenser and an after condenser. In addition, 
the GLAND EXHAUST CONDENSER is often 
incorporated within the shell of the air ejector 
after condenser. Figure 7-20 shows a main 
air ejector condenser assembly. 

Tube leakage in the air ejector condenser 
assembly is not common, since condensate is 
used as the cooling liquid. If serious leakage 
does occur, however, it will cause flooding of 
the inter and after condensers and will result 
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Figure 7-20.-Main air ejector 
condenser assembly. 



in loss of vacuum. As in most heat exchangers, 
leakage is most likely to occur at the tube 
seats; it can usually be remedied by rerolling 
or repacking the tube ends into the tube sheets. 

If it should be necessary to retube or to 
make other major repairs, all parts of the air 
ejector condenser assembly must be subjected 
to the hydrostatic test pressures specified on 
the nameplate or in the manufacturer's tech- 
nical manual. Special care must be taken to see 
that all internal parts of the assembly are 
examined and put into good working order 
before the new tubes are installed. Particular 
care should be taken to make sure of the 
tightness of the division plate gaskets between 
the inter condenser and the after condenser. 

FEED WATER HEATERS have largely been 
replaced by deaerating feed tanks on modern 
naval ships. However, feed water heaters were 
once used extensively and may still be found 
in some older ships. Also, feed water heaters 
are used on some nuclear -powered ships. A 
high-pressure, six-pass, straight-tube feed 
water heater of a type used in some destroyer 
escort ships is shown in figure 7-21. This 
heater is termed a high-pressure heater be- 
cause it is installed between the main feed 
pump discharge and the boiler. Heat is supplied 
by auxiliary exhaust steam. The tubes are 
rolled into both tube sheets, and both tube 
sheets are welded to the shell. The expanded 
section in the upper part of the sheU aUows 
for expansion and contraction. 

STEAM HEATING COILS installed in fuel 
oil storage and settling tanks should be in- 
spected and tested whenever the tanks are 
cleaned and made safe for personnel. The 
exterior surfaces of the coils should be in- 
spected for signs of pitting and corrosion. 
Following this inspection, the heating coils 
should be subjected to hydrostatic test at 
1-1/4 times the designed operating pressure. 
While the coils are under hydrostatic test, 
they should be inspected for leaks. If any 
leakage is found, or if there is evidence of 
serious corrosion or pitting, a sample section 
of the damaged coil must be cut out and 
examined. Coils that are in poor condition 
should be renewed. If material or facilities 
available at the time of inspection do not permit 
immediate renewal of a damaged coil, blank 
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Figure 7-21. -High -pressure feed 
water heater, 

off the steam and drain connections at the 
manifold. 

AIR COOLERS of various types are used to 
lower the temperature of air in main drive 
motors and large generators. This cooling is 
frequently necessary in order to avoid damage 
to the insulation that would result from ex- 
cessively high temperatures. An air coolerused 
for this purpose is shown in figure 7-22. The 
cooler is connected by ducts to the air intake 
and air discharge openings of the motor or 
generator. 

The unit is of double -tube construction. 
The inner tube is made of 5/8-inch copper- 
nickel alloy, and is smooth-surfaced. The outer 
tube is made of nonferrous material and has 
radial external fins. The extended-surface outer 
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Figure 7-22.-Air cooler for motor 
or generator. 



tube is sealed into a rear tube sheet or header 
by brazing, soldering, or rolling. The outer 

tube has its internal surface longitudinally 
grooved. When the inner tube is expanded 
tightly into the outer tube, there is sufficient 
contact between the two tubes to allow the con- 
duction of heat; at the same time, the internal 
grooves in the outer tube lead off leakage that 
might occur from any perforation of an inner 
tube. Such leakage (if any) goes to an end 
compartment that is formed between the outer 
tube sheet and the inner tube sheet; a tell-tale 
system with vents and leakoff connections allows 
visual inspection so that leakage may be 
readily detected. 

Cooling water flows through the smooth- 
surfaced inner tubes, while hot air from the 
motor or generator flows over the finned outer 
tubes. The radial fins conduct heat from the 

air to the outer tubes and through the fins or 
lands formed by the walls of the longitudinal 
grooves to the inner tube and on through the 
inner tube to the cooling water. 
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The ability to weld is a primary require- 
ment of the Boilermaker rating. You can only 
become an expert welder by studying and through 
practical experience. This chapter contains es- 
sential background information which will aid 
you in learning the welding processes and in 
qualifying for advancement. Most of the terms, 
phrases, and processes discussed in this chap- 
ter are standardized, and are used in the Navy 
as well as in civilian life. At times the informa- 
tion in this chapter may seem difficult, but a 
thorough knowledge of it is essential in learning to 
weld. It is recommended that you study this chap- 
ter carefully before going further in this manual. 

WELDING PROCESSES 

As a method of joining metal parts, welding 
has become increasingly important in the last 
few years. Many types of seams that were form- 
erly joined by riveting are now joined by weld- 
ing. Welding processes are used in the fabrica- 
tion and repair of an enormous number of parts 
and structures, including such widely varying 
items as cooky cutters and nuclear reactors. 

As indicated in figure 8-1, there are eight 
principal groups of welding processes. Consid- 
ering the subdivisions of these main groups, 
however, there are more than 35 distinct weld- 
ing processes by which metal parts may be 
joined. Of these, only those processes indicated 
in figure 8-1 by dark prominent circles are 
commonly employed by the Boilermaker. 

All welding processes are based upon the 
principle of applying or generating heat at the 
joint and bringing the surfaces into intimate 
(submicroscopic) contact so that the joining 
surfaces will COALESCE or grow together. 
Although coalescence of the joining surfaces is 



the goal of all welding processes, this goal is 
achieved in different ways. 

With respect to HEAT, the welding proc- 
esses differ as to the source of heat, the man- 
ner in which heat is applied or generated, and 
the intensity of the heat. The source of heat may 
be the combustion of a fuel gas such as acety- 
lene or hydrogen in air or in oxygen; an electric 
arc; an electric, gas, or oil furnace; the resist- 
ance of metal to the flow of electric current; or 
a chemical reaction between a metal oxide and 
finely divided aluminum. The welding processes 
most commonly used on board ship involve the 
combustion of a fuel gas, as in oxyacetylene 
welding and torch brazing; the use of an elec- 
tric arc, as in metal arc welding; and the re- 
sistance of metal to the flow of electric current, 
as in spot welding. 

The intensity of heat applied or generated 
at the joint varies according to the metals being 
joined and according to the welding process be- 
ing used. All welding processes except brazing 
utilize temperatures high enough to melt the base 
metal; brazing is the ONLY welding process in 
which the melting of the base metal is not nec- 
essary for coalescence to occur. Brazing is, 
therefore, similar to soldering, except that 
higher temperatures are used for brazing. The 
term soldering is used to describe a joining 
process employing nonf errous filler alloys melt- 
ing below 800° F; soldering is NOT considered 
a weldingprocess. Brazingis a welding process 
employing nonferrous filler alloys that have a 
melting point above 800° F. 

With respect to the second basic require- 
ment for coalescence, INTIMACY OF CONTACT, 
the welding processes may be divided fcjto two 
groups: pressure processes and nonpressure 
processes. In PRESSURE PROCESSES, thenec- 
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essary intimacy of contact is achieved by apply- 
ing pressure while the contact surfaces are at a 
high enough temperature to allow plastic flow of 
the metal. In NONPRESSURE PROCESSES, a 
space is left between the surfaces to be joined. 
This space is filled, either progressively or all 
at once, with molten metal. The molten metal 
may be obtained from a filler metal (welding rod 
or electrode), by melting the surfaces to be 
joined, or by a combination of filler metal and 
melted base metal. 

Since all nonpressure processes involve 
fusion, they are often referred to as FUSION 
PROCESSES. However, this term is somewhat 
misleading since some pressure processes also 
involve fusion. 

The various welding processes differ not 
only in how coalescence is obtained, but also 
in their suitability for producing a satisfactory 
joint in a given kind of metal under the condi- 
tions in which the weld must be made. Many 
factors influence the selection of a welding 
process for a particular application. Some fac- 
tors to be considered are the relative cost of 
the several processes that may be applicable, 
the amount of welding required, the location and 
position of welds, the service conditions the 
welded structure must withstand, and the qual- 
ifications of the man available to perform the 
welding. Probably the most important single 
factor, however, is the metal to be joined by 
welding. This factor is usually described as the 
weldability of the metal. 

The term WELDABILITY refers to the 
capacity of a metal to be fabricated by a weld- 
ing process into a structure that will perform 
satisfactorily in the service for which the struc- 
ture is intended. Weldability also refers to the 
degree of simplicity or complexity of the pro- 
cedures and techniques necessary to produce 
the weld. Under usual circumstances, for ex- 
ample, mild steel can be welded by most weld- 
ing processes. This is not to say, however, that 
the welds produced are equally satisfactory or 
that one method is not more complicated or 
more expensive than another. While it is pos- 
sible to weld mild steel through the use of a 
variety of welding processes, some metals such 
as magnesium and its alloys can be satisfactor- 
ily welded with only a few welding processes. 
With metals such as mild steel, there are few 
welding difficulties. Elaborate preparations, 



fluxes, and special techniques are not necessary 
because the characteristics of mild steel are 
such that the welding operation can be easily 
performed. Other metals often require special 
preparatory steps, complex welding sequences, 
and the skillful use of a specific welding tech- 
nique. 

Many factors influence the weldability of a 
metal. Some of the more important factors that 
must be taken into account (and, insofar as 
possible, controlled) include the following: (1) 
the chemical composition of the metals involved 
(that is, the kind and percentage of elements 
present) and the effect of radical temperature 
changes on the various elements; (2) the expan- 
sion and contraction characteristics of the base 
metals; (3) the filler metal (welding rod or elec- 
trode) used; (4) the joint design; and (5) the 
welding procedure. 

The Navy uses a large number of different 
metals and alloys. Each of these materials ha!s 
characteristics or properties that make its use 
desirable for certain applications. The charac- 
teristics and properties of a given alloy are 
partly determined by the kind and amount of 
elements present. The effect welding has on 
these elements and the reaction during and after 
the application of heat have a tremendous influ- 
ence on the weldability of the metal in question. 

In steel, carbon is probably the most im- 
portant element limiting weldability. Carbon 
imparts hardenability to steel. That is, when 
certain carbon steels are heated above a crit- 
ical temperature and then cooled rapidly, the 
hardness of the steel increases considerably. 
At the same time there is a significant loss of 
ductility. In fact, the metal may become ex- 
tremely brittle. With few exceptions, the tem- 
peratures used in welding exceed the critical 
temperature of carbon steels. Further, the mass 
of relatively cold metal surrounding the weld 
area may conduct heat away so fast that rapid 
cooling exists. Thus, the conditions necessary 
to harden certain steels (high temperature and 
rapid cooling) are present in many welding 
processes. 

When the percentage of carbon is less than 
0.25 percent, its effect in producing hardness 
is slight. But when the carbon content exceeds 
0.25 percent, or when such elements as manga- 
nese, vanadium, chromium, molybdenum, or 
titanium are present, along with a lesser carbon 
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percentage, the weldability of the steel is de- 
creased. Unless special steps are taken to con- 
trol preheat, postheat, and welding sequence, a 
satisfactory weld will not result. Instead, the 
weld is likely to crack, to have little ability to 
resist stress, and to have less strength than re- 
quired. For this reason, tool steels and certain 
alloys like carbon-molybdenum steel are less 
weldable than many other steels. 

Steels contain certain impurities such as 
sulfur, phosphorus, hydrogen, nitrogen, and 
oxygen. If present in sufficiently large quanti- 
ties, these impurities may decrease weldability. 
For example, a steel to which about 0.10 per- 
cent sulfur has been added to improve machin- 
ability is difficult to weld because the weld has 
a tendency to crack. An excessive amount of 
phosphorus decreases the ductility of the steel 
and thus decreases the weldability of the metal. 
The presence of hydrogen in a steel leads to 
cracks in the welds. 

Stainless steels, high chromium steels, and 
other special steels are less weldable than the 
plain low carbon steels. The very elements that 
give these special steels their desirable prop- 
erties for some applications have, at the same 
time, the effect of decreasing the weldability of 
the metals. To make these special steels weld- 
able, the welding procedure, the filler metal, the 
fluxes, the preheat and postheat temperatures, 
and the welding sequence must be carefully se- 
lected. This is also true for many nickel, cop- 
per, and aluminum alloys. 

In some metals, the heat of the welding 
process may cause certain elements with low 
melting points to vaporize, thus reducing the 
amounts of those elements present in the weld 
zone. Nonferrous alloys containing lead, zinc, 
and tin are particularly subject to such losses 
from vaporization. These losses may seriously 
affect the properties of the joint by causing 
porosity or oxide inclusions that weaken the 
weld. 

The weldability of a metal is also affected 
by its thermal conductivity. In general, metals 
with high thermal conductivity are difficult to 
weld because they transfer the heat away from 
the weld so rapidly that the required tempera- 
ture cannot be maintained at the joint. 

The extent to which expansion and contrac- 
tion occur as a result of temperature changes 
influences the weldability of the metal involved 



When metals having different rates of contrac- 
tion and expansion are welded, the internal 
stresses set up by the different rates of expan- 
sion and contraction can cause the joint to crack 
immediately or to crack later under load. 

Even when the weld joins identical metals, 
or metals having approximately the same co- 
efficient of expansion, the expansion and con- 
traction may not be uniform throughout all parts 
of the metal. This nonuniformity leads to the 
development of internal stresses, distortion, 
and warping. Unless metal parts are free to 
move when heat is applied or withdrawn, ex- 
pansion and contraction set up high stresses 
which may cause trouble in the weld itself or in 
the adjacent base metal. In thin materials, un- 
even expansion and contraction may cause the 
metal to warp. In heavy material, the stresses 
set up may exceed the ultimate strength of the 
metal and cause cracking to occur in the weld 
or in the metal adjacent to the weld. 

Even if the ultimate strength of the material 
is not exceeded by the stresses developed during 
welding, the combination of welding stresses 
PLUS the stresses developed when the material 
is placed in service may be enough to cause 
failure of the weld. It is for this reason that 
many materials are STRESS RELIEVED after 
welding. 

Another factor that influences weldability 
is the filler material used. The wrong electrode 
or welding rod may make the welding process 
difficult or impossible, or it may lead to failure 
of the part under service conditions. It is not 
always essential that the welding rod or elec- 
trode be of the same chemical composition as 
the base metal. The important requirement is 
that the combination of the base metal and the 
filler metal will make a satisfactory welded 
joint. 

In some processes, the flux selected for 
use with a welding rod has important effects 
on weldability. Also, the electrode covering in- 
fluences the weld obtained in certain steels. 
Steels have a tendency to absorb hydrogen from 
the surrounding atmosphere when molten and to 
expell it upon solidification. Some types of elec- 
trode coverings contribute a considerable amount 
of hydrogen to the atmosphere surrounding the 
arc and the molten puddle. The amount of hy- 
drogen introduced by the electrode covering is 
frequently sufficient to cause microscopic cracks 
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in the heat-affected zone of some steels. To 
eliminate this difficulty, low hydrogen electrodes 
have been developed to weld the newer high tens- 
ile steels. 

Joint design is still another factor influenc- 
ing the weldability of a metal. Several factors, 
including the welding process employed, the 
thickness of the material welded, and the pur- 
pose the joint is to serve, are considered when 
a design is selected. 

While thin sheets of metal may be butted 
together without special preparation other than 
cleaning, heavy plates must be beveled or 
grooved to make possible a satisfactory joint. 
Again, the design employed is related to the 
purpose of the joint-that is, the manner in which 
the load or stress is applied, the erosive or 
corrosive conditions it must resist, and the joint 
efficiency required. The term JOINT EFFICI- 
ENCY is used to indicate the strength of a welded 
joint as compared with the strength of the weaker 
member of the unwelded base metal. 

The various kinds of joints and the termi- 
nology used to describe various parts of a welded 
joint are discussed and illustrated later in this 
chapter. Details of joint designs for various ap- 
plications and different welding processes are 
covered by specifications. At thispoint, it is im- 
portant only to note that joint design affects 
weldability. 

As noted before, metals are not equally 
weldable with all welding processes. You will 
select a welding process to join a given metal on 
the basis of specifications and pertinent instruc- 
tions from the Naval Ship Systems Command. 
For example, while aluminum-base alloys are 
weldable by a number of processes, the Naval 
Ship Systems Command does not permit the weld- 
ing of these alloys aboard ship by any welding 
process other than the inert-gas shielded metal 
arc process. Specifications and instructions 
must also be used to select base metals, filler 
metals, fluxes, and welding techniques, as well 
as welding processes. 

Each of the welding processes has a tech- 
nique or procedure peculiar to that process. 
Often the technique varies with the kind or size 
of the filler metal employed or the kind of weld 
being made. The incorrect use of a technique, or 
the use of the wrong technique, may lead to de- 
fects that make the joint unsatisfactory. 



TERMS USED IN WELDING 

It is essential to have a good command of 
the technical vocabulary related to your work. 
A command of technical language enables you 
to receive and convey information accurately 
and to exchange ideas with other technical 
specialists. If you do not understand the precise 
meanings of technical terms, you are definitely 
handicapped when you try to read technical pub- 
lications, NavShip's Instructions, specifications, 
blueprints, and-let's face it-questions on ad- 
vancement examinations. 

In the field of welding, an accurate knowl- 
edge of terminology is particularly important. 
In the discussion thus far, you have learned the 
meaning of several technical terms. The follow- 
ing sections give definitions of additional terms 
that apply to welding: types of joints, types of 
welds, parts of welds, parts of joints, welding 
positions, procedures and sequences, weld de- 
fects, filler materials, and fluxes. 

TYPES OF JOINTS 

Five basic types of welded joints are used 
in welded structures: butt, edge, tee, corner, 
and lap. Although there are many variations, 
every joint you weld will be one of these basic 
types. The joint area in each case is indicated 
by the shaded portion of the drawings in figure 
8-2. 

A BUTT joint is used to join the edges of 
two members lying in approximately the same 
geometric plane. The joint area is between the 
edges of the two members. This type of joint is 
frequently used in plate, sheet metal, and pipe 
work. 

EDGE joints also may be used to join paral- 
lel members lying in the same plane, but as a 
rule one of the members is flanged. The edge 
joint shown in figure 8-2 indicates that the mem- 
bers need not be in the same plane, as the mem- 
bers of a butt joint must be. With edge joints, the 
joint area is between the contacting surfaces of 
the members. While this type of joint has some 
applications in plate work, it is more frequently 
employed in sheet metal work. Occasionally the 
edge joint is used to join reinforcing plates to 
the flanges of I-beams and the edges of angles. 
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Figure 8-2. -Types of welded joints. 

TEE joints and CORNER joints are used to 
join two members located at approximately right 
angles to each other. The joint area in each case 
is between the end of one member and the side 
or edge of another. The corner joint forms an 
L-shape; the tee joint has the shape of a letter 
T. Corner joints are used when making tanks, 
boxes, box frames, and similar objects. Tee 
joints are used in many types of metal struc- 
tures. Corner joints are used only in very low 
pressure tanks, since the root of the weld is in 
tension under load. 

The LAP joint is used to join overlapping 
members of a structure. The joint area of a lap 
joint is between the parallel surfaces of the 
joint members. Lap joints are used frequently in 
torch brazing processes where capillary action 
draws filler metal into the space between the 
hot surfaces, and are also used in many resist- 
ance welding processes, especially in sheet 
metal structures fabricated with spot welds. 

TYPES OF WELDS 

The types of welds most commonly used 
aboard ship are bead welds, fillet welds, tack 
welds, groove welds, plug welds, slot welds, 
spot welds, and seam welds. Another term that 



you will hear quite often is "seal weld." This 
term does not actually refer to any one type of 
weld; rather, a seal weld is any weld that is used 
primarily to obtain tightness. 

Several types of bead and fillet welds are 
illustrated in figure 8-3. Usually, a BEAD WELD 
(part A of fig. 8-3) is made by depositing filler 
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Figure 8-3.— Bead and fillet welds. 

metal in a single direction on an unbroken sur- 
face. However, it is also possible to make a bead 
without adding filler metal; in this case, the heat 
is applied and moved along steadily in one direc- 
tion so that a molten puddle is formed in the base 
metal. Bead welds are used principally on butt 
joints and as a way of building up surfaces. The 
cross section of a bead weld usually has an oval 
shape. 

A FILLET WELD is triangular in cross 
section. It joins two surfaces that are at approx- 
imately right angles to each other. Fillets are 
used to weld lap, tee, and corner joints. As 
shown in parts B, C, and D of figure 8-3, some 
variations of the fillet weld are chain intermit- 
tent, staggered intermittent, and boxing. 

A TACK WELD is a short weld deposit 
made to temporarily hold the parts to be joined 
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in proper alignment for final welding. The size 
of a tack weld is limited to 2 times the thick- 
ness of the thinnest member, with a maximum 
length of 1 inch. Tack welds are usually incor- 
porated into the finished weld. Cracked or 
broken tack welds must be chipped out before 
the joint is finally welded. 

GROOVE WELDS are made in a specially 
prepared groove between two members to be 
joined. While the edge of a vertical plate of a 
tee joint is sometimes beveled for welding, 
grooves are most frequently used for butt joints 
in plate and pipe work. Standard grooves for 
plates joined with butt joints are illustrated in 
figure 8-4. Groove welds are designed to pro- 
vide the required strength with a minimum 
amount of filler metal. Plate edges may be pre- 
pared for groove welding by shearing, machin- 
ing, chipping, grinding, flame cutting, or flame 
grooving. The selection of a particular groove 
design is governed by the thickness of the plate 
to be welded, the adaptability of the design to 
the structure, and the accessibility of the joint 
for welding. For example, a joint that can be 
welded from only one side requires a different 



groove design than a joint that is accessible 
from both sides. 

PLUG WELDS and SLOT WELDS, as shown 
infigure8-5,are used to join overlapping plates 
that are not otherwise accessible for welding. A 
plug weld is a circular weld made through one 
member of a lap or tee joint to join that mem- 
ber to another; the plug weld may or may not be 
through a hole punched or cut in the first mem- 
ber. If a hole is used in the first member, the 
plug weld may fill it completely or it may fill it 
only partially. A slot weld is similar to a plug 
weld, except that an elongated hole is made in 
the first member of the joint. The hole may be 
completely or partially filled with weld metal. 
Slot welds are often used to join one plate to the 
surface of another plate, and for other purposes 
where a fillet weld would not be economical or 
would not be good design. Incidentally, a fillet 
weld made at the intersection of the edge of a 
slot and the exposed surface of the joining mem- 
ber is considered a fillet weld, NOT a slot weld. 

SPOT WELDS and SEAM WELDS are com- 
mon types of resistance welds. Thesewelds are 
shown in figure 8-6. In resistance welding, 
coalescence is produced by a combination of 
pressure and the heat obtained from the resist- 
ance of the base metal to the flow of an electric 
current. A spot weld is used only when the parts 
of the joint overlap. The size and shape of the 
weld (often called the NUGGET) are determined 
by the size and shape of the electrode tips used 
in the welding machine. A seam weld is very 
much like a spot weld and may, in fact, be made 
as a series of overlapping spot welds, as shown 
in part B of figure 8-6. More commonly, how- 
ever, seam welds are made with a wheel-type 
electrode. 

PARTS OF WELDS 

You should be familiar with the terms used 
to describe the parts of welds. Figure 8-7 il- 
lustrates the face and the toe on groove and fillet 
welds. The FACE is the exposed surface, on the 
side from which the weld was made, of a weld 
made by a gas or arc welding process. The TOE 
is the junction between the face of the weld and 
the base metal. 

The ROOT of a weld includes the points at 
which the bottom of the weld intersects the base 
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Figure 8-4.-Standard groove welds. 
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Figure 8-5.-Plug and Slot welds. 



metal surfaces, as seen in cross section. Fig- 
ure 8-8 illustrates weld roots. 

The legs and throat of a fillet weld are 
shown in figure 8-9. When we look at a triangu- 
lar cross section of a fillet weld, the LEG is 
the portion of the weld from the toe to the root. 
The THROAT is the distance from the root to a 
point on the face of the weld along a line which 
would form a 90° angle with the weld face, 
as shown in figure 8-9. Theoretically, the face 
is considered to form a straight line between the 
toes. Since the face may be convex or concave, 
however, the face may not form a straight line 
between the toes; and in this case the actual 
throat may be greater or smaller than the the- 
oretical throat. It should be noted that the terms 
leg and throat apply only to fillet welds. 

Several other terms are used to describe 
areas or zones of welds. Figure 8- 10 illustrates 
the use of some of these terms. The BOND is 
the junction of the weld metal and the base metal 
or, if weld metal is not used, the junction of the 
base metal parts. FUSION is the melting together 
of base and filler metal, or the melting of base 
metal only, that results in coalescence. The 
FUSION ZONE is the region of the base metal 
that is actually melted. The DEPTH OF FUSION 
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is the distance that fusion extends into the base 
metal from the surface. Both the fusion zone 
and the depth of fusion are considered in terms 
of a cross section of the weld, as shown in fig- 
ure 8-10. 

Another zone of interest to the welder is 
the HEAT-AFFECTED ZONE. This zone in- 
cludes that portion of the base metal which has 
not been melted but in which the properties and 
structure of the metal have been affected by the 
heat of welding or cutting. The extent of this 
zone varies with the thermal conductivity of the 
metal. The changes that occur within the area 
are related to the kind of metal being welded, 
the intensity and duration of heat, and the con- 
trol embodied in the welding procedure. 



TOE OF WELD 



TOE OF WELD 

FACE OF WEL 
TOE OF VELD 




TOE OF WELO 



GROOVE WELO 




TOE OF WILD 



• TOE OF WELD 

FILLET WELD 



11.38 

Figure 8-6.-Spot weld and seam weld 
(resistance welds). 
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Figure 8-7.-Face and toe of groove and 
fillet welds. 
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Figure 8-8.-Weld roots. 
PARTS OF JOINTS 

In order to follow the specifications for any 
welding job, you must have a very clear knowl- 
edge of the terms used to describe welds and 
joints. In some cases, the similarity between 
terms used to describe parts of welds and those 
used to describe parts of joints may lead to con- 
fusion. For example, the root of a weld is NOT 
precisely the same as the root of a joint. In 
other cases, it may be somewhat difficult to de- 
cide whether a term really refers to a part of a 
weld or to a part of a joint. In all cases, it is 
essential that you know EXACTLY what part, 
zone, or measurement is being referred to. 

As may be seen in figure 8-11, the GROOVE 
FACE is that surface of a member that is in- 
cluded in the groove. The ROOT of a joint is that 
portion of the joint where the members approach 
each other most closely. The root of a joint may 
be a point, a line, or an area when viewed in 
cross section. A given joint design may have a 
ROOT FACE or it may have a ROOT EDGE. A 
root face is the surface of the groove that is 
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Figure 8-9.-Legs and throat of fillet weld. 
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Figure 8-10.-Fusion zone, depth of fusion, 
heat-affected zone, and bond of weld. 
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Figure 8-ll.-Groove face, root face, and 
root edge. 
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adjacent to the root of the joint. If the root face 
is of zero width it is known as a root edge, as 
shown in part C of figure 8-11. 

Details of joint design involve the size of 
the groove and the space existing between the 
members of the joint. Specifications for joint 
design are expressed in terms of bevel angle, 
groove angle, groove radius, and root opening. 
Figure 8-12 illustrates the use of these terms. 

The BEVEL ANGLE is the angle formed 
between the prepared edges of a member and a 
plane perpendicular to the surface of the mem- 
ber. 

The GROOVE ANGLE is the included angle 
of the groove between the parts to be joined. 
For example, if the edge of each of two plates 
to be joined were beveled to an angle of 30°, the 
groove angle would be 60°. 

The GROOVE RADIUS is the radius of the 
curved portion of the opening at the bottom of 
the groove near the root of joint. It exists only 
in special groove joint designs. 

The ROOT OPENING refers to the separa- 
tion between the members of the joint at the 
bottom or root of the joint where the members 
are closest together. 

The bevel angle, groove angle, and root 
opening of any given joint will depend upon the 
thickness of material being welded, the kind of 
joint being made, and the welding process being 
employed. As a rule, oxyacetylene welding re- 
quires a larger groove angle than does manual 
metal arc welding. Root opening is usually gov- 



erned by the diameter of the filler material, 
which in turn depends on the thickness of the 
base metal and the position of welding. 

Root penetration and joint penetration in 
groove welds are illustrated in figure 8-13. 
ROOT PENETRATION refers to the depth that 
a groove weld extends into the root of the joint. 
Root penetration is measured on the centerline 
of the root cross section. JOINT PENETRATION 
refers to the minimum depth that a groove weld 
extends from its face into a joint, exclusive of 
any excess weld metal that is above the plate 
surface. (Incidentally, this brings up another 
term you should know: REINFORCEMENT OF 
WELD is the term used to describe weld metal, 
on the face of a groove weld, that is in excess 
of the metal necessary for the specified weld 
size.) 

As may be seen from figure 8-13, the terms 
root penetration and joint penetration often refer 
to the same dimension. This is the case in parts 
A, C, and E of the illustration. Part B, however, 
shows how a difference may exist between root 
penetration and joint penetration. Part D shows 
joint penetration only. 

WELDING POSITIONS 

Welding is performed in several different 
positions. In plate work, as shown in figure 8-14, 
these positions are flat, horizontal, vertical, and 
overhead. When welding is performed in the 
FLAT position (part A of fig. 8-14) the welder 
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Figure 8-12.-Bevel angle, groove angle, 
groove radius, and root opening. 
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Figure 8 -13. -Root penetration and joint 
penetration of groove welds. 
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Figure 8-14.— Flat, horizontal, vertical, and 
overhead positions for welding plate. 

works from the upper side of the joint. In this po- 
sition, the upper surface of the weld deposit metal 
is in a horizontal plane. Note that this is the case 
in both flat position fillet and groove welds. 

In the HORIZONTAL position of welding 
(part B of fig. 8-14), the structural members of 
the joint are in an approximately vertical posi- 
tion while the line of weld (axis) is approximately 
horizontal. A horizontal position fillet weld is 
slightly different from that of a horizontal groove 
weld. Welding a fillet in the horizontal position 
involves depositing filler metal on the upper side 
of a horizontal surface and against an approx- 
imately vertical surface. The face of a fillet weld 
lies in a plane approximately 45° to the surfaces 
of the parts joined. 

When welding is performed in the VERT- 
ICAL position (part C of fig. 8-14), the axis of the 



weld is in a vertical plane. In the vertical posi- 
tion, weld metal is usually deposited in an upward 
direction. 

In the OVERHEAD position (part D of fig. 
8-14), welding is performed from the underside 
of the joint. The axis of the weld is in a horizontal 
plane, as is the axis of a flat position weld; but 
the overhead weld is, you might say, upside down 
if compared to the flat position weld. 

The terms flat, horizontal, vertical, and 
overhead adequately describe the positions in 
which plate is welded. This terminology, how- 
ever, does not describe the positions for welding 
pipe. When you weld pipe, you will weld in one of 
three positions: horizontal rolled position, hor- 
izontal fixed position, and vertical fixed position. 
Pipe welding positions are illustrated in figure 
8-15. In each case, the terminology refers to the 
axial position and rotational freedom of move- 
ment of the pipe, not to the weld. 

In HORIZONTAL ROLLED POSITION welds, 
the axis of the pipe is horizontal. The joint is 
made by welding in the flat position, at the same 
time rotating the pipe at a rate equal to the speed 
of filler metal deposition. Pipe welded in the 
horizontal rolled position is first carefully 
aligned and tack welded. Then it is placed in a 
jig which facilitates rotation of the pipe. As il- 
lustrated in part A of figure 8-15, all welding 
should be accomplished between points A andB. 
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Figure 8-15.-Positions for welding pipe. 
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The pipe axis in a HORIZONTAL FIXED 
POSITION weld is the same as in the horizontal 
rolled position" weld. In this position, however, 
the pipe cannot be rotated. As a consequence, 
welding must be accomplished by progression 
through the overhead, vertical, and flat welding 
positions. When welding in the horizontal fixed 
position (see part B of fig. 8-15), the weld is 
started at the bottom and progresses in incre- 
ments upward to the top of the pipe-first on one 
side, then on the other. 

In the VERTICAL FIXED POSITION, the pipe 
axis is vertical and held in a fixed position. The 
weld itself is made in the horizontal welding po- 
sition. (See part C of fig. 8-15). 

PROCEDURES AND SEQUENCES 

Whether large or small, simple or complex, 
the manufacture of any object requires earful 
planning. This is especially true when welding is 
employed to join parts into an integrated whole. 
One of the first decisions to be made regarding 
welding is the WELDING PROCESS to be used- 
that is, which of the processes is most applicable. 
But this is only the beginning. There are many 
details. Each must be worked out in such a way 
that the completed job serves the purpose for 
which it is intended. 

You are responsible for understanding the 
terms in which the job plans are expressed. 
These terms are presented, insofar as possible, 
from the top down; that is, from the broad, in- 
clusive terms to the less inclusive but more 
specific terms. 

A single part of a structure consisting of 
several parts is called a COMPONENT. When a 
structure is made up of several components 
joined by welding, the structure is called a 
WELDMENT. Typical examples of weldments 
are gun mounts, machinery bases, storage and 
pressure tanks, frames, valve manifolds, and 
fabricated pipe fittings like crosses, tees, and 
elbows. 

The detailed plan worked out for producing 
the weldment is known as the WELDING PRO- 
CEDURE. The welding procedure includes the 
kind of welding materials, joint design, preheat 
and postheat temperatures, the chronological 
order and manner in which a series of joints are 
to be welded, and the way individualwelds in the 
series are to be made. The chronological order 



of making the various welds in the weldment is 
called the WELDING SEQUENCE. Thus, the 
welding procedure spells out all the details for 
producing a given weldment with a predetermined 
welding process. 

An important part of the welding procedure 
is the JOINT WELDING PROCEDURE. This term 
refers to the details pertaining to the materials, 
methods, and practices used to make a particular 
joint in the weldment. Included in the joint weld- 
ing procedure is the DEPOSITION SEQUENCE. 
This term refers to the order in which the weld 
metal in a given joint is to be deposited. 

The deposition sequence may call for an in- 
termittent weld or a continuous weld. There are 
two types of INTERMITTENT WELDS. Both are 
fillet welds in which weld continuity is broken by 
unwelded spaces. The chain intermittent weld is 
illustrated in part B of figure 8-3, and the 
staggered intermittent in part C of figure 8-3. 
In chain intermittent welding, the increments or 
parts of the weld are approximately opposite 
each other. In staggered intermittent welding, 
the weld increments are staggered with respect 
to each other on opposite sides of a tee joint. 

A CONTINUOUS WELD is one in which the 
completed joint contains weld metal throughout. 
In other words, there are no unwelded portions 
in the joint as in an intermittent weld. A CON- 
TINUOUS SEQUENCE, however, has a slightly 
different meaning. In a continuous sequence, 
welding begins at one end of the joint and pro- 
ceeds continuously to the other. Thus, a contin- 
uous weld may be produced by a welding se- 
quence other than a continuous sequence. 

In a LONGITUDINAL SEQUENCE, the end 
result is a continuous weld, but the weld is not 
made by proceeding continuously from one end of 
the joint to the other. Here different parts of a 
joint are made at different times. The longitu- 
dinal sequence specifies the order in which the 
various increments of the continuous weld are to 
be made with respect to the entire length of the 
joint. There are eight standard sequences, in- 
cluding backstep, wandering, buildup, block, cas- 
cade, progressive block, wandering block, and 
selective block. These sequences are used in 
welding to minimize distortion by controlling ex- 
pansion and contraction. 

Two of the three basic sequences used to 
produce a continuous weld are illustrated in fig- 
ure 8-16. The least complex of the three is the 
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CONTINUOUS SEQUENCE (not shown). Here, 
welding begins at one end of the joint and pro- 
gresses continuously to the other. 

The second basic sequence is the BACK- 
STEP. As shown in part A of figure 8-16, the 
weld does not begin at the end of the joint. Fur- 
ther, the parts or increments of the weldare de- 
posited in a direction opposite to that in which the 
entire joint is made. Increment length is usually 
specified. If it is not, however, you can determine 
the proper weld increment length by the following 
procedure. Select an electrode of the proper type 
and diameter. Then, using the same methods that 
will be used in welding the joint, run an uninter- 
rupted bead with one electrode on apiece of scrap 
metal. The length of the practice bead is the 
proper length for the increment. Thus, if your 
practice bead is 6 inches long, the first incre- 
ment is started 6 inches from the edge of the 
plate. Successive increments would start 6 
inches away from the previous weld increment. 
The backstep sequence is sometimes called a 
STEPBACK sequence. 

The WANDERING SEQUENCE, shown in part 
B of figure 8-16, combines some of the features 
of both the continuous and the backstep se- 
quences. In this sequence, weld increments are 
deposited in the same direction as the weld joint 
proper, as in a continuous sequence. However, as 
the illustration indicates, the order in which the 
weld increments are deposited is not progressive 
along the joint. Instead, gaps equal in length to 
that of the increment itself are left along the 
joint. Once the length of the joint has been welded 
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in this manner, the welder fills the gaps, thus 
producing a continuous weld. The order in which 
the parts of the weld are made may differ from 
that indicated in part B of 8-16. Another order, 
such as 6-7-5-3-1-4-2, might be equally satis- 
factory. For this reason, the wandering sequence 
is often called the RANDOM or SKIP sequence. 
No matter which order is selected, the pattern 
must be predetermined. Increment length is de- 
termined in the way described for the backstep 
sequence. It is a good idea to lay out the joint 
increment lengths and number each portion ac- 
cording to the chronological order in which it is 
to be welded. 

Thus far we have considered only those se- 
quences in which a single pass or weld bead is 
involved. (A PASS is a single progression of a 
welding operation along a joint or weld incre- 
ment deposit. The result of a pass is a weld 
bead.) The sequences we will consider next often 
consist of many passes and layers. For that 
reason, it is important that you understand the 
difference between a single -pass weld and a 
multiple -pass weld, as well as what makes up a 
layer. 

A bead resulting from a single pass may be 
relatively narrow or relatively wide, depending 
upon the amount of transverse oscillation (back- 
ward and forward movement at approximately a 
right angle to the axis of the weld) used by the 
welder. If there is a great deal of oscillation, the 
bead will be wide, on the other hand, if there is 
little or no oscillation, the bead will be narrow. 
This narrow pass results in a string bead while 
the oscillating pass results in a weave bead. 

A LAYER consists of one or more beads. A 
groove weld may be made with multiple -pass 
layers, as shown inpart A of figure 8-17, or with 
single-pass layers, as shown in part B of figure 
8-17. In most manual welding operations, 
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Figure 8- 16. -Backstep sequence and 
wandering sequence. 
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Figure 8- 17. -Multiple-pass and 
single-pass layers. 
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multiple -pass layers are made with string beads 
and single -pass layers are made with weave 
beads. Whether a layer is made with multiple 
passes or with a single pass, the weld itself may 
consist of several layers, the number depending 
chiefly on the thickness of the metal in which the 
weld is made. 

Figure 8-18 illustrates block sequence, 
buildup sequence, and cascade sequence. Note 
that all of these sequences involve longitudinal 
sequence and multiple passes and layers. The 
BLOCK SEQUENCE, shown in part A of figure 
8-18, is a longitudinal sequence having a speci- 
fied buildup order. Individual sections or blocks 
of the continuous joint are partially or com- 
pletely welded in an order somewhat like that of 
a backstep or wandering sequence before inter- 
vening sections are deposited. The term 
BUILDUP SEQUENCE refers to the order in 
which the weld beads of a multiple -pass weld are 
deposited with respect to the cross section of the 
joint. Thus a buildup sequence is a part of any 
joint which requires layers of filler metal de- 
posits to make the weld. Part B of figure 8-18 
shows a buildup sequence. The CASCADE SE- 
QUENCE, shown in part C of figure 8-18, is a 
variation of the block sequence. It has a speci- 
fied buildup order, but the weld beads are de- 
posited in overlapping layers. 

There are several other variations of the 
block sequence. In the PROGRESSIVE BLOCK 
sequence, successive individual blocks of the 
continuous weld are completed progressively 
along the joint from one end to the other or from 
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the center of the joint toward either end. Another 
variation is the WANDERING BLOCK. In this se- 
quence, successive blocks are completed at ran- 
dom after several starting blocks have been com- 
pleted. Still another variation is the SELECTIVE 
BLOCK SEQUENCE. Here the successive blocks 
are completed in a certain order so that a pre- 
determined stress pattern is created within the 
joint. 

WELD DEFECTS 

Weld defects, like the welds themselves, 
must be described in standard terms. Common 
weld defects that you should be familiar with in- 
clude incomplete fusion, inadequate joint and 
root penetration, spatter, overlap, undercut, root 
cracks, toe cracks, crater cracks, underbead 
cracks, voids, and inclusions. 

Every welding design assumes that the 
specified extent of fusion will be obtained 
throughout the length of the joint. Welds such as 
those shown in figure 8-19 wouldbe classifiedas 
defective because of INCOMPLETE FUSION. 

INADEQUATE JOINT AND ROOT PENE- 
TRATION is cause for rejection of a weld even if 
it is sound in all other respects. The strength 
required in a weldment is achieved only when the 
specified joint and root penetration is achieved. 

Some visible weld defects are illustrated in 
figure 8-20. SPATTER is the term used to de- 
scribe metal particles or globules that are ex- 
pelled during welding and that do not form part 
of the weld. When spatter occurs, small balls of 
metal are stuck to the surface of the base metal 
along the line of weld. OVERLAP is a protrusion 
of weld metal beyond the bond at the toe of the 
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Figure 8-19.-Examples of incomplete fusion. 
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Figure 8-20. -Visible weld defects: spatter, 
overlap, and undercut. 

weld. An UNDERCUT is a groove melted into the 
base metal, adjacent to the toe, and not filled by 
weld metal. Both overlap and undercut are more 
serious than spatter, since either may seriously 
impair the strength of the weld. Overlap and 
undercut indicate that something is wrong with 
the welding techniques being employed or that 
something is wrong with the adjustment of the 
equipment. 

Several kinds of cracks are classified as 
weld defects. Uneven contraction and expansion 
is usually the basic cause of cracks, whether 
they are in the weld metal itself or in the ad- 
jacent heat-affected zone. One fairly common 
kind of crack is the CRATER CRACK; this oc- 
curs in the crater or depression at the termina- 
tion of a weld bead in gas or arc welding. 

Two other types of cracks are shown in fig- 
ure 8-21. TOE CRACKS occur in the base metal, 
at the toe of the weld. UNDERBEAD CRACKS 
occur in the heat -affected zone underneath a 
bead, and do not extend to the surface of the 
metal. Underbead cracks are usually very diffi- 
cult to detect except by destructive testing, al- 
though occasionally they may be detected by X- 
ray examination. 

ROOT CRACKS are similar to toe cracks 
except that they occur at the root of the weld. 
Root cracks may be in the weld metal or in the 
base metal. 

VOIDS, also known as GAS POCKETS or 
BLOWHOLES, are another type of weld defect. 
The term POROSITY is used when there are a 



i — i 




11.53 

Figure 8-21.-Toe cracks and 
underbead cracks. 

number of voids. Voids occur as the result of 
gas being absorbed during the welding and then 
expelled as the metal solidifies. The absorbed 
gas is usually hydrogen. Improper welding tech- 
niques, incorrect adjustment of equipment, or 
moisture in coatings may lead to the absorption 
of gas and consequent formation of voids. 

SLAG INCLUSION is the term used to de- 
scribe the weld defect inwhichnonmetallic solid 
material is trapped in the weld metal or at the 
bond between the weld metal and the base metal. 
The presence of such inclusions breaks up the 
homogeneity of the metal, thereby providing a 
point for the concentration of stresses. In some 
cases, the concentration of stresses thus devel- 
oped leads to failure of the joint. 

FILLER MATERIALS 

The metals that are added during the weld- 
ing process are known as filler materials or 
filler metals. In welding processes in which a 
space is left between the parts to be joined, filler 
metals provide the intimacy of contact necessary 
for coalescence. Filler materials used in weld- 
ing processes include welding rods and elec- 
trodes. 

The term WELDING ROD refers to a filler 
metal, in wire or rod form, that is used in gas 
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welding processes and in certain electric welding 
processes in which the filler metal does NOT 
form a part of the electric circuit. The only pur- 
pose of a welding rod is to supply filler metal to 
the joint. 

The term ELECTRODE refers to the metal 
which, in electric welding, forms a part of the 
electrical circuit. Some electrodes melt off and 
are a source of filler metal supply. 

FLUXES 

The welding or brazing of certain materials 
requires the use of a FLUX to produce a sound 
joint. A flux is a fusible (easily melted) material 
used to dissolve and remove oxides and some 
other undesirable substances from the surfaces 
of the metals to be joined. However, flux alone 
will not clean a dirty joint. 

Fluxes are not ordinarily required for weld- 
ing mild steel and low-alloy ferrous metals. 
However, all torch brazing and soldering jobs on 
both ferrous and nonferrous metals require a 
flux, as do all oxy acetylene welding jobs on cast 
iron, cast steel, aluminum, copper, copper -base 
alloys, nickel, nickel-base alloys, high chrom- 
ium alloys, and silicon -bronze alloys. 

Fluxes are available as liquids, pastes, and 
powders. As a rule, the welding or brazing filler 
metal is dipped into the flux; in some cases, how- 
ever, the flux is applied directly to the joint sur- 
faces and to the filler metal with a brush. 

The composition of fluxes is covered by a 
number of specifications. No one flux is satis- 
factory for all purposes. When the type flux to be 
used is not otherwise specified, consult NavShlps 
Technical Manual or the latest NavShips instruc- 
tion for the type flux to use for a particular job. 

Several precautions must be observed when 
you are working with fluxes. Flux should not be 
used as a substitute for proper cleaning of the 
base metals prior to welding. Unless the base 
metal is properly cleaned and the correct flux 
employed, fluxing will hinder rather than aid in 
making the joint. Further, the flux must not be 
overheated, or it will fail to serve its purpose. 
Finally, nearly all fluxes give off fumes which 
may be toxic. For that reason, fluxes should al- 
ways be used in a well -ventilated space. Forthat 
matter, any welding operation requires adequate 
ventilation, whether a flux is used or not. 



EDGE PREPARATION 

Joint edge preparation and proper spacing 
between the edges of the parts are important in 
any welding operation. The thickness of the 
plates determines the amount of edge preparation 
required. Sheet metal is easily melted and does 
not require special edge preparation. The faces 
of the square edges can be butted together and 
welded. This type of joint can be used on sheets 
up to 3/16 inch thick. For metal thicknesses from 
3/16 to 1/4 inch thick, a slight root opening be- 
tween the parts is necessary to obtain complete 
penetration. Plate over 1/4 inch thick requires 
beveled edges and a root opening of 1/16 inch. 
For oxyacetylene welding on plate over 1/4 inch 
thick, the edges are beveled at an angle of 35° 
to 45°, making the groove angle from 70° to 
90°. These edges can be prepared by flame 
cutting, shearing, flame grooving, machining, 
chipping, or grinding. In any case, the edge 
surfaces should be free of oxides, scale, dirt, 
grease, or other foreign matter. 

Plate from 3/8 to 1/2 inch can be satisfac- 
torily welded from one side only, but heavier sec- 
tions should be welded by preparing the edges 
from both sides. Generally, butt joints prepared 
from both sides permit easier welding, produce 
less distortion, and ensure better qualities in the 
weld metal in heavy sections than do joints pre- 
pared from one side only. 

TEMPERATURE CONTROL 

The control of temperature before, during, 
and after welding is often a matter of vital im- 
portance. Preheating andpostheatingare speci- 
fied for many welds on many types of metals. 
Control of interpass temperature is important in 
all multipass welds. 

Oxyacetylene torches, gasoline, or diesel 
fuel oil burners, and electric induction or resist- 
ance coils maybe used for preheating and post- 
heating. Portable electric heaters are furnished 
to repair ships, tenders, and other ships and 
stations which normally fabricate items made of 
carbon- molybdenum steel and chromium- 
molybdenum steel. The complete unit consists of 
control devices mounted on a portable panel, 
electrical supply connections, heater cable 
leads, and heater coils. 
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PREHEATING is the application of heat to 
the base metal before a welding or cutting opera- 
tion is performed. Preheating is not required for 
all welds. When required, the preheat tempera- 
ture and the length of time the temperature must 
be held ("hold time") is specified on the welding 
drawings. The preheat temperature and the hold 
time depend upon the chemical composition of 
the metal, the thickness of the metal, and to some 
degree upon the welding method and the type of 
welding rod or electrode used. Some alloys are 
more successfully welded without any preheat. 
Because of the wide variations in preheat re- 
quirements, it is essential that the welding 
specifications for each job be followed precisely. 

POSTHEATING is done primarily for the 
purpose of relieving stresses in the metal after 
it has been welded. The temperature, the hold 
time, and the cooling rate are specified for each 
job where postheating is required. In general, 
slow cooling is essential for stress -relieving; if 
the metal is cooled rapidly, new stresses will 
develop and thus defeat the purpose of the post- 
heating. 

Requirements for stress -relieving depend 
upon the chemical composition of the metal, the 
thickness of the metals to be joined, and the 
complexity of the weldment. In some cases, 
stress -relieving may be specified for a partly 
welded joint. Stress relief is usually requiredfor 
welded joints that will be subjected to high pres- 
sure. 

REQUIREMENTS FOR 
WELDING PRESSURE PARTS 
AND HIGH PRESSURE PIPING 

Welding on pressure parts and on high pres- 
sure piping must be done only by qualified weld- 
ers, in accordance with welding procedures 
approved by NavShips. Instructions for each weld- 
ing job on pressure parts or on high pressure 
piping should include the name and description of 
the parts to be welded, the material specification 
of the base metal, the diameter and thickness of 
the base metal, the type and position of the welds, 
the welding process, the type and size of elec- 
trodes or welding rods, the preheat temperature 
and hold time, the inspection requirements, the 
stress relief temperatures and hold time, and 
references to the applicable welding procedure 
specifications. 

16P 



Carbon-molybdenum steel and chromium- 
molybdenum steel are used for most high tem- 
perature, high pressure piping. The presence of 
molybdenum in these steels develops creep re- 
sistance and other properties that make the steel 
suitable for high temperature service. At the 
same time, however, the molybdenum greatly 
reduces the weldability of the steel. Carbon- 
molybdenum and chromium-molybdenum steels 
can be successfully welded only when welding in- 
structions are followed exactly. 

Temperature control before, during, and af- 
ter the welding is vitally important in welding 
steels that contain molybdenum and in those that 
contain chromium. For carbon- molybdenum 
steel, the preheat temperature is usually between 
200° and 300° F. After welding, the joint is 
stress relieved. Table 8-1 gives some informa- 
tion on the temperatures required for the weld- 
ing of various chromium- molybdenum steels. 

WELD SYMBOLS AND 
WELDING SYMBOLS 

Special symbols are used on drawings to 
show the kinds of welds to be used. These sym- 
bols have been standardized by the American 
Welding Society and the Department of Defense. 
The basic reference in this f ieldfor Navy welders 
is the Joint Army -Navy Standard for Welding 
Symbols (JAN-STD-19). Although there is no 
need for you to memorize all the welding symbols 
given in JAN-STD- 19, you should be familiar with 
the basic weld symbols and with the standard lo- 
cation of all elements of a welding symbol. 

The distinction between a weld symbol and a 
welding symbol should be noted. A WELD SYM- 
BOL is a basic symbol used to indicate the type 
of weld. Thus, the basic symbols shown in fig- 
ures 8-22 and 8-23 are weld symbols. The sup- 
plementary symbols shown in figure 8-24 are 
used when necessary in connection with the basic 
weld symbols. 

An assembled WELDING SYMBOL consists 
of the following eight elements (or as many of 
these elements as are required): (1) reference 
line, (2) arrow, (3) basic weld symbols, (4) 
dimensions and other data, (5) supplementary 
symbols, (6) finish symbols, (7) tail, and (8) 
specification, process, or other reference. The 
finish symbols indicate the METHOD of finish, 
not the degree of finish; C is used to indicate 
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Table 8-21.— Preheat. Interpass, and Postheat Temperatures Required for 

Welding Chromium- Molybdenum Steels. 11.53.0 



BASE 


METAL 


PREHEAT AND INTERPASS 
TEMPERATURE, °F 


POSTHEAT 
TEMPERATURE 

°F 


% Chromium 


% Molybdenum 


3/4" or less 


3/4" to 1 1/2" 




0.5 


0.5 


150 


250 


1225 ± 25 


1.25 


0.5 


300 


400 


1350 ± 25 


2.0 


0.5 


300 


400 


1350 ± 25 


2.25 


1.0 


300 


400 


1350 i 25 



finish by chipping, M indicates machining, and G 
indicates grinding. 

The elements of a welding symbol have 
standard locations with respect to each other, 
as shown in figure 8-25. 

WELDING PUBLICATIONS 

All personnel engaged in welding should be 
familiar with a number of basic references in the 
field. Some of these publications have already 
been mentioned earlier in this chapter. In the 
field of welding, as in so many other fields, of- 
ficial publications are constantly under revision; 
therefore, it is important to make an effort to 
keep up with the latest changes as they are issued. 

The basic NavShips reference on welding and 
allied processes is chapter 9920 (92) of NavShips 
Technical Manual . Other NavShips publications 
on welding include Nondestructive Testing Re - 
quirements for Metals , MIL-STD-271; Standards 
for Welding of Reactor Coolant and Associated 
Systems and Components for Nuclear Power 



Plants, NavShips 250-1500-1; and Instructions 
for the Fabrication and Control of Steel Pipe and 
Tubing for Welded Piping Systems , NavShips 
250-582. In addition, many NavShips Instructions 
pertaining to specific items of equipment contain 
quite detailed instructions for any welding work 
that may be involved. 

The following military standards are of 
particular importance to Navy welders. 

JAN-STD- 19, Joint Army - Navy Standard for 

Welding Symbols 
MIL-STD-20, Welding Terms and Definitions 
MIL-STD-22, Welded-Joint Designs 
MIL-STD-248 (NAVY), Qualification Tests 

for Welders (Other Than Aircraft Weld- 

ments) 

MIL-STD-278, Welding and Allied Recesses 
for Machinery for Ships of the United 
States Navy 

A great many military specifications have 
been developed to cover welding equipment, 



TYPE Of WELD 


BEAD 


FXLET 


PLUG 

OH 

SIOT 




SQUARE 


V 


BEVEL 


u 


j 






<C7 


II 


V 


V 


V 


V 
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Figure 8-22.-Basic arc and gas weld symbols. 



TYPE OF WELD 








"LASH 


SPOT 


PROJECTION 


SEAM 


OR 






UPSET 


X 


-X. 


XXX 


1 
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Figure 8-23.-Basic resistance weld symbols. 
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WELD ALL 
AROUND 


FIELD 
WELD 


CONTOUR 


FLUSH 


CONVEX 


O 


• 







11.56 

Figure 8-24.— Supplementary weld symbols. 

welding procedures, andprocedures for inspect- 
ing welds. Although by no means a complete list 
of the military specifications pertaining to weld- 
ing, the following examples give some indication 
of the range of these specifications. 

MIL-R-908, Rods, Welding, Steel and Cast 
Iron (for Gas Welding) 

MIL-E -15599, Electrodes, Welding, Cov- 
ered, Low- and Medium-Carbon Steel 

MIL-E-15716, Electrodes, Welding, Cov- 
ered, Molybdenum Alloy Steel Applica- 
tion 

MIL-E -16589, Electrodes, Welding (Chrom- 
ium-Molybdenum and Chromium Alloy 
Steels, Low -Hydrogen Type) 

MIL-E-18038, Electrodes, Welding, Mineral 
Covered, Low Hydrogen, Medium and 
High Tensile Steel Stress Relieved 
Weld Application 

MIL-W-21157(NOrd),Weldment, Steel, Car- 
bon and Low Alloy 



11.57 

Figure 8-25.— Standard location of elements 
on a welding symbol. 



MIL-I-6868, Inspection Process, Magnetic 
Particle 

MIL-R- 11468, Radiographic Inspection; 

Soundness Requirements for Arc and 

Gas Welds in Steel 
MIL-R- 11471, Radiographic Inspection of 

Metals 

MIL-E-22200, Electrodes, Welding, Cov- 
ered; General Specifications for 

WELDERS' QUALIFICATION TESTS 

Requirements for the performance test for 
gas and metal arc welding up to and including 
3/4-inch steel are included in appendix Ilof this 
training manual, as part of the qualifications for 
advancement. Test instructions for other proc- 
esses which are necessary for qualification in 
certain welding operations but which do not con- 
stitute a general rating requirement are found 
in MIL-STD-248 (NAVY). 

Welders' qualification tests as specified by 
MIL-STD-248 (NAVY) are not required for per- 
sonnel who operate machine welding equipment, 
but are required for welders who use any of the 
following processes: (1) manual shielded metal 
arc process; (2) semiautomatic gas (consumable 
electrode) shielded metal arc process; (3) man- 
ual gas (tungsten electrode) shielded metal arc 
process; (4) manual carbon arc process; (5) 
manual gas welding process; and (6) manual 
torch brazing process. 

Qualification tests are given at the welder's 
ship or station, provided qualified inspectors are 
available. If qualified inspectors are not avail- 
able, the tests are given at repair activities 
where competent personnel witness the tests and 
certify the ability of the welder. Specimens cut 
from each test weld are subjected to certain tests 
and inspections before being approved. These 
tests and inspections differ for the various qual- 
ification tests, but may include bend tests, radio- 
graphic examinations, dye penetrant inspection, 
and others. 

Once you have passed a qualification test, 
you remain qualified indefinitely UNLESS (l)you 
do not use the process for which youwere qual- 
ified for a period of 90 days or more, or (2) your 
division officer has specific reason to question 
your ability to make the required welds. To re- 
qualify for any welding process, you must pass 
the qualification test again. 
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SAFETY PRECAUTIONS 

Safety precautions for welding may be con- 
sidered as falling into three general categories: 
(1) precautions with respect to the LOCATION 
OF THE WELDING; (2) precautions concerning 
the OPERATION OF EQUIPMENT; and (3) pre- 
cautions related to the SAFETY OF PERSON- 
NEL. 

The safety precautions given here are gen- 
eral in nature, and should be supplemented by 
study of the precautions given in chapter 9920 
(92), NavS hi ps Technical Manual , and those given 
in United States Navy Safety Precautions , OpNav 
34PL~ 

LOCATION OF WELDING 

A first consideration for safety in welding is 
the location and peculiarities of the space in 
which the welding operation is to be performed. 
Welding and cutting may be performed ONLY in 
locations specifically designated for this pur- 
pose, unless approval of the job and the precau- 
tions taken to eliminate fire and explosion haz- 
ards has been obtained from the proper authority. 

Fire and explosion hazards are eliminated 
by removing or protecting combustible or ex- 
plosive materials or vapors, and by taking the 
precautions necessary to prevent a reaccumula- 
tion of such materials. The methods for making 
a space safe for welding and the tests used to 
ensure that a space is free of fire and explosion 
hazards are the responsibility of the gas-free 
engineer, whose duties are described in chapter 
9920 (92), NavShips Technical Manual . The point 
for you to bear in mind is that welding MUST 
NOT be performed in any location outside the 
shop unless the necessary precautions have been 
taken and approval has been obtained. Any com- 
partment, room, tank, or space adjacent thereto 
which contains or which has contained flammable 
or explosive materials, liquids, or vapors must 
be made safe, tested, andproclaimed safe before 
you can weld in such a space. These restrictions 
also apply to closed drums, tanks, and similar 
containers. 

When welding is being done, a fire watch 
must be posted in the vicinity, particularly 
when flammable or explosive materials are ex- 
posed. If a fire hazard exists on both sides of a 
bulkhead or deck, fire watchers must be stationed 



on both sides with appropriate types of fire ex- 
tinguishers. For example, if the only combustible 
material within range of the sparks or heat from 
welding or cutting operations is bitumastic 
waterproofing, a CO^ extinguisher may be ade- 
quate. In a small space with a very small access 
opening, however, the operator might not be able 
to get out quickly in the event of fire; in such a 
case, the use of CO^ would be dangerous, so the 
use of water from a l-l/2inchwaterlineor water 
pump tank would be preferable. To take another 
example, if the insulation on some electrical 
equipment is the only combustible material 
present, the use of water would be more danger- 
ous than the fire itself. In this situation, CO^ 
would be used. In each case it is necessary to 
consider what kind of fire might occur and to 
provide the appropriate equipment to combat it. 
The fire watch must remain on station at least 
30 minutes after a job has been completed to 
make sure that there is no smoldering fire. 

Adequate ventilation must be provided in all 
spaces in which welding is being done, to elim- 
inate health hazards such as gases, fumes, and 
dust caused by the welding operation. No special 
precautions along this line are necessary when 
welding in the open air. For example, when clean 
carbon steel is welded in large or well-ventilated 
areas, experience has shown that no particular 
health hazard exists. However, when welding or 
cutting operations are performed on lead- 
bearing steels, lead- coated or cadmium- coated 
metals, or metal covered with paint containing 
lead or cadmium, an air-line mask should be 
worn even if the work is done in the open air or 
in a well-ventilated space. 

When welding is performed on uncoated 
ferrous metals, a minimum space allowance of 
1,000 cubic feet per operator or ventilation shall 
be at the minimum rate of 200 cubic feet per 
minute per welder, except where supplied air 
respirators are approved and provided. When 
welding is performed on galvanized metals, 
brass, bronze and some other metals, the venti- 
lation requirements increaseby at least lOper- 
cent. For welding performed in a confined space, 
positive steps are necessary to ensure the elim- 
ination of health hazards. In addition, some con- 
ditions, like welding inside a tank, make it nec- 
essary for the welder to wear an air-line mask. 

As a welder, you must consider as unsafe 
every closed compartment or poorly ventilated 
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space, all tanks, cofferdams, voids, and similar 
spaces, until the gas -free engineer has inspected 
the space and has indicated that adequate pre- 
cautions have been taken. When the condition of 
the space has been determined, the gas -free 
engineer posts a tag describing the condition of 
the space. The tag posted includes complete in- 
formation as to whether or not the space is safe 
for men and whether or not it is safe for hot 
work. The information on the tag is expressed in 
one of the following ways, depending on the con- 
dition of the space: 

1. NOT safe for men-NOT safe for hot 
work 

2. Safe for men-NOT safe for hot work 

3. Safe for men-Safe for hot work 

4. INER TED-NOT safe for men INSIDE- 
Safe for men and hot work OUTSIDE 

5. PRESSED UP (with water or oil)-Safe 
for men and hot work OUTSIDE 

The term INERTED means that a non- 
flammable gas (usually C02) has been introduced 
into the space and that the concentration of the 
gas is sufficient to reduce the oxygen content of 
the space to a level that will not support com- 
bustion. PRESSED UP means that the space has 
been entirely filled with water or oil. 

When it is necessary for welding or cutting 
to be performed in any confined space which has 
a small exit, all heavy equipment such as gas 
cylinders and welding generators must be left 
on the outside. An attendant who can observe the 
welder at all times must also be stationed on the 
outside of the space so that in an emergency he 
can shut off the gas or the electric current and 
provide such other help as the situation demands. 
If the welder must enter the space through a 
manhole or other small space, a lifeline and 
safety belt must be attached to his body so that 
he can be quickly removed in an emergency. 
This equipment must be attached in such a way 
that the welder's body cannot be jammed in the 
small opening. 

The discussion thus far has been primarily 
concerned with compartments and tanks that are 
a part of the ship's structure. Certain special 
precautions shouldbe noted for welding or cutting 
on any hollow metal article, whether the work is 
performed in or out of a welding shop. 



Before allowing any welding or cutting to be 
done, be sure that any hollow metal article which 
has ever held a flammable substance is cleaned 
and made safe. Even a trace of flammable ma- 
terial in a drum, tank, or other hollow article 
would constitute a tremendous hazard. A con- 
tainer that has held a flammable substance may 
be cleaned with steam if the substance is easily 
vaporized. For removing heavy oils, a strong 
solution of caustic soda or a similar chemical 
is usually used. Thorough rinsing of the article 
is necessary. After a container has been cleaned, 
it should (if possible) be filled with water, car- 
bon dioxide, or nitrogen; this precaution should 
be taken since it may be impossible to remove 
all traces of oil or grease from the seams or 
corners of the container. 

Hollow metal articles must be vented before 
being welded or cut, whether or not they have 
ever contained a flammable substance. If they are 
not vented, the increase in air pressure that oc- 
curs when heat is applied may be sufficient to 
cause an explosion. 

OPERATION OF EQUIPMENT 

Safety precautions for the operation of weld- 
ing equipment vary considerably because of the 
different types of equipment involved. Conse- 
quently, only general precautions pertaining to 
gas welding and to metal arc welding are given 
here. Further precautions may be found in the 
references already mentioned and in the tech- 
nical manuals furnished by the manufacturers 
of the equipment. 

PRECAUTIONS FOR THE OPERATION OF 
GAS WELDING EQUIPMENT include the follow- 
ing: 

1. Use only approved apparatus that has 
been examined and tested for safety. 

2. Stow all cylinders carefully, in accord- 
ance with prescribed stowage procedures. Cyl- 
inders should be stowed in dry, well-ventilated, 
well-protected places, away from heat and away 
from combustible materials. Do NOT stow oxy- 
gen cylinders in the same compartment as acet- 
ylene or other fuel gas cylinders. All cylinders 
should be stowed in an upright position rather 
than horizontally. If acetylene cylinders are not 
stowed in an upright position (valves at top), they 
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must not be used until they have been allowed to 
stand in an upright position for at least 2 hours. 

3. Do not allow anyone to tamper with 
cylinder safety devices. 

4. When cylinders are in use, keep them 
far enough away from the actual welding or 
cutting so that they will not be reachedby sparks, 
hot slag, or flame. 

5. Never place a cylinder in such a position 
that it could form part of an electrical circuit. 

6. Never interchange hoses, regulators, or 
other apparatus intended for oxygen with those 
intended for acetylene. 

7. NEVER attempt to transfer acetylene 
from one cylinder to another, or to refill an acet- 
ylene cylinder, or to mix any other gas with 
acetylene. 

8. Keep the valves closed on empty cylin- 
ders. 

9. Do not stand in front of cylinder valves 
while opening them. 

10. When a special wrench is required to 
open a cylinder valve, leave the wrench in posi- 
tion on the valve stem while the cylinder is being 
used so that the valve can be closed rapidly in 
an emergency. 

11. Keep oxygen cylinders and fittings away 
from oil and grease! Even a small amount of oil 
or grease may ignite violently, with explosive 
force, in the presence of oxygen. NEVER lubri- 
cate any part of an oxygen cylinder, valve, or 
fitting. 

12. Do not drop cylinders. Do not handle 
them roughly. Rough handling may cause a cyl- 
inder valve to break off, and the sudden release 
of gas from a full cylinder may cause it to take 
off like a rocket. 

13. Always open cylinder valves slowly. 
Oxygen-open completely; acetylene-l/4 to 1/2 
turn open. (Maximum opening for acetylene is 
1-1/2 turns.) 

14. Close cylinder valves before movingthe 
cylinders. 

15. Never attempt to force unmatching or 
crossed threads on valve outlets, hose couplings, 
or torch valve inlets. The threads on oxygen reg- 
ulator outlets, hose couplings, and torch valve 
inlets are right-handed; for acetylene, these 
threads are left-handed. The threads on acety- 
lene cylinder valve outlets are right-handed, but 
have a pitch which is different from the pitch of 
the threads on the oxygen cylinder valve outlets. 



If the threads do not match, the connections are 
mixed. 

16. Always use the correct tip or nozzle 
and the correct pressure for the particular work 
involved. This information should be taken from 
tables or worksheets supplied with the equip- 
ment. 

17. Do not allow acetylene and oxygen to 
accumulate in confined spaces. Such a mixture is 
highly explosive. 

18. Keep a clear space between the cylin- 
ders and the work so that the cylinder valves may 
be reached quickly and easily if necessary. 

19. When lighting the torch, open the acety- 
lene valve first and ignite the gas while the oxy- 
gen valve is still closed. Do not allow unburned 
acetylene to escape and accumulate in small or 
closed compartments. 

20. When extinguishing the torch, close the 
acetylene valve first and then close the oxygen 
valve. 

21. When welding or cutting is stopped for a 
period of 15 minutes or more, or when the opera- 
tor leaves the scene for any length of time, the 
equipment must be secured. 

PRECAUTIONS FOR THE OPERATION OF 
METAL ARC WE LDING EQUIPMENT include the 
following: 

1. Use only approved welding equipment, 
and be sure that it is in good condition. 

2. Before starting to work, make sure that 
the welding machine frame is grounded, that 
neither terminal of the welding generator is 
bonded to the frame, and that all electrical con- 
nections are securely made. The ground connec- 
tion must be attached firmly to the work, not 
merely laid loosely upon it. 

3. When using portable machines, take care 
to see that the primary supply cable is laid sep- 
arately so that it does not become entangled with 
the welding supply cable. 

4. When stopping work for any appreciable 
length of time, be SURE todeenergizethe equip- 
ment. When not in use, the equipment should be 
completely disconnected from the source of 
power. 

5. Keep welding cables dry and free of oil 
or grease. Keep the cables in good condition, and 
at all times take appropriate steps to protect 
them from damage. If it is necessary to carry 
cables some distance from the machines, run the 
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cables overhead, if possible, using adequate sup- 
porting devices. 

SAFETY OF PERSONNEL 

Making sure that hazardous conditions have 
been eliminated or adequately controlled at the 
site where welding is to be performed, ensuring 
sufficient ventilation, stationing proper fire 
watches, and observing the other precautions 
previously discussed will, of course, contribute 
to the safety of personnel. In addition, it is nec- 
essary for all personnel engaged in welding to 
use protective clothing and goggles to protect 
themselves from the intense heat and light, 
sparks, and flying particles of hot metal. 

While injury to other parts of the body may 
be painful and incapacitating, usually body tissue 
of the hands, arms, and legs is capable of heal- 
ing without permanent injury. This is not true of 
the eyes. Eye injuries are SERIOUS, often re- 
sulting in permanent loss or impairment of vis- 
ion. For this reason, proper eye protection is of 
utmost importance for the welder and others who 
may be in the vicinity of welding and cutting op- 
erations. 

Approved eye protectors must be worn, not 
only by welding and cutting operators, but also by 
such as helpers and chippers who must remain 
in the vicinity and whose eyes should be protected 
from such as stray flashes, reflected glare, and 
flying particles. Helmets or hand shields must be 
used during arc welding or cutting operations. 
Spectacle type (side shielded) goggles should 
also be worn during these operations to provide 
protection from injurious rays from adjacent 
work and from flying objects. Spectacle type 
(side shielded) or eye cup or cover type goggles 
must be used during all gas welding or cutting 
operations. Goggles may have either clear glass 
or colored glass. 

The shade of lens to use for any given opera- 
tion should be such that the intensity of visible 
light is diminished to a point where there is no 
glare, so the welding area can be distinctly 
seen, and where the harmful infrared andultra- 
violet radiations from the arc or flame are 
eliminated. 

The shade numbers in the following list 
may be used for guidance in determining the 
proper shade of lens to use. 



1. Clear lenses in spectacle type (side 
shielded) goggles, and filter lenses up to shade 
No. 4 in any type goggle, may be used for stray 
light from nearby cutting and welding opera- 
tions, and for light electric spot welding. 

2. Shade No. 5 filter lenses are usually 
sufficient for light gas cutting and welding. 

3. Shade No. 6 filter lenses are usually 
sufficient for gas cutting, medium gas welding, 
and for arc welding up to 30 amperes. 

4. Shade No. 8 filter lenses are usually 
sufficient for heavy gas welding, and for arc 
welding and cutting exceeding 30 but not ex- 
ceeding 75 amperes. 

5. Shade No. 10 filter lenses should be used 
for arc cutting and welding exceeding 75 but not 
exceeding 200 amperes. 

6. Shade No. 12 filter lenses should be used 
for arc cutting and welding exceeding 200 but 
not exceeding 400 amperes. 

7. Shade No. 14 filter lenses should be used 
for arc cutting and welding exceeding 400 
amperes. 

In places where electric arc welding is 
regularly carried on, the welding bay should be 
painted flat black, or a similar nonreflecting 
color, to prevent flickering reflections. Inside 
or outside the shop, the work should be enclosed 
whenever possible by a flameproof screen or 
booth which has been painted with a nonreflecting 
coating of some material such as zinc oxide 
and lamp black. If such protection cannot be 
provided, men working nearby should be warned 
not to look at the arc without protective goggles. 

A variety of special clothing is available 
to protect the body during cutting and welding 
operations. The protective clothing to be worn 
will vary with the size, location, and nature of 
the work to be performed. During ANY welding 
or cutting operation, you should wear flame- 
proof gauntlets at all times. For gas welding 
and cutting, a five-finger glove is generally 
used. For electric arc welding, a one -finger 
gauntlet-type mitt is recommended. Gauntlets 
protect the hands from both heat and metal 
spatter. The one-finger mitt designed for 
electric arc welding has an advantage over the 
glove because it reduces the danger of weld 
spatter and sparks lodging between the fingers; 
it also reduces the chafing of fingers which 
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sometimes occurs when five-finger gloves are 
used for electric arc welding. 

Some light gas welding and cutting jobs re- 
quire no special protective clothing other than 
gauntlets and goggles if the regular work cloth- 
ing is worn correctly. Sleeves must be rolled 
down, collar and cuffs buttoned, and pockets 
that are not protected by button-down flaps 
must be eliminated from the front of work 
clothing. Trouser cuffs must not be turned up 
on the outside. All outer clothing must be free 
of oil and grease. High-top or safety shoes should 
be worn; low-cut shoes with unprotected tops 
should NOT be worn. Wearing clothing in the 
manner described decreases the probability that 
sparks will lodge in folds of cloth such as 
rolled-up sleeves and cuffs, pockets, or the 
shirt collar. 

During medium and heavy gas welding, all 
electric arc welding, and all welding done in 
the overhead position, specially designedf lame - 
proof clothing made of leather, asbestos, or 
other suitable material may be required to 
protect you against radiant heat, splashes of hot 
metal, or sparks. A wide choice of protective 
clothing is available so that you can select 
the type required for any particular welding or 
cutting job. This clothing consists of aprons, 
sleeves, a combination of sleeves and bib, 
jackets, and overalls. Sleeves provide satis- 
factory protection for light welding operations at 
floor or bench level. Capes and sleeves are 
particularly suitable for overhead welding be- 
cause the cape protects the back of the neck, 
top of the shoulders, and upper part of the back 
and chest. Use of the bib in combination with 



the cape and sleeves gives added protection to 
the chest and abdomen in jobs where protection 
for the lower part of the back is not required. 
The jacket should be worn only when complete 
all-around protection for the upper part of the 
body is needed, such as when several welders 
are working near each other. Aprons and 
overalls provide protection to the legs and there- 
fore are suitable for welding operations on the 
deck or floor. 

During overhead welding operations, leather 
caps should be worn under helmets to prevent 
head burns. Where the welder may be exposed 
to sharp or heavy falling objects, hard hats or 
head protectors should be attached in such a 
way as to form a part of the welding helmet. 
For very heavy work, fire-resistant leggings 
or high boots should be worn. Shoes or boots 
having exposed nail heads or rivets should not 
be worn. Oilskins or plastic clothing must not 
be worn while welding or cutting. 

If leather protective clothing is not avail- 
able, woolen garments rather than cotton gar- 
ments should be worn. Wool does not i b ; te an 
readily as cotton, and it affords greater pre 
tion from changes in temperature. Cotton cloth- 
ing, if it must be used, should be chemically 
treated to reduce its flammability. 

Report all injuries to the medical depart- 
ment as soon as possible. Even a slight burn 
or scratch should be treatedpromptly to prevent 
infection. Eye burns should be treated IMME- 
DIATELY. If medical department personnel 
are not available, put a few drops of clean, non- 
irritating oil into the eye. All eye burns should 
be seen as soon as possible by medical personnel. 
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METAL ARC WELDING 



Electric welding processes include manual 
shielded metal arc welding, shielded inert-gas 
metal arc welding, stud welding, submergedarc 
welding, and resistance welding. This chapter 
deals primarily with the first two processes- 
that Is, manual shielded metal arc welding and 
shielded inert -gas metal arc welding. The other 
processes are summarized briefly at the end 
of the chapter. 

In order to understand the operation of 
electrical welding equipment, you must have a 
basic understanding of electricity. Inparticular, 
you must be entirely familiar with the terms used 
to describe electrical equipment and with the 
units of measurement used in connection with 
electricity. If you do not understand the terms 
or units of measurement used in this chapter, 
study the applicable parts of Basic Electricity, 
NavPers 10086-A. 

MANUAL SHIELDED METAL 
ARC WELDING 

Most of the metal arc welding that you do 
will be done manually with the shielded metal 
arc. In this nonpressure process, the heat 
necessary for coalescence is generated by an 
electric arc between a heavily covered electrode 
and the base metal. The arc develops an intense 
heat that melts the base metal and forms a molten 
pool of metal; at the same time, the electrode 
tip is melted and metal from the tip is carried 
across the arc into the molten pool. The intense 
heat of the arc causes the electrode covering 
(flux) to melt and flow over the molten metal, 
thus protecting the weldment from the surround- 
ingatmosphere while it cools and solidifies. The 
temperature developed by the arc between the 
electrode and the base metal is about 6500°F. 



WELDING MACHINES 

A wide variety of manual shielded metal 
arc welding equipment is available in the Navy. 
In general, this equipment may be classified as 
being either a-c or d-c equipment; either 
stationary or portable equipment; and either 
single -operator or multiple-operator equip- 
ment. In addition, it may be classified according 
to the source of power and according to the 
number of amperes delivered at certain arc 
voltages. 

The types of equipment available on any 
particular ship or class of ship depend largely 
upon the kind of electrical power available 
and upon the size and mission of the vessel. 
A destroyer having a-c power is usually fur- 
nished with portable, single-operator, trans- 
former-type welding sets. A destroyer having 
d-c power is likely to use line resistor type 
welding units that operate directly from a 
ship's service generator. Cruisers and air- 
craft carriers with a-c power usually have a 
number of single -operator motor driven d-c 
generator sets. Repair ships with d-c power 
are equipped with heavy duty, portable, single - 
operator, motor driven d-c generator sets and 
with semi -portable diesel-driven sets. Some 
large ships with a-c power have motor driven 
d-c generator, multiple-operator, 750-ampere, 
constant -potential welding sets with a network 
of outlets in the machinery spaces, shops, and 
upper decks; with this type of arrangement, eight 
to twelve men can weld at the same time. Some 
ships have a permanently installed multiple- 
operator system that is fed by a 300- ampere 
motor driven d-c generator; two or three 
men can weld at the same time with this 
arrangement. 
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All types of arc welding machines require 
a source of power that will allow striking and 
maintaining a stable arc suitable for welding. 
The principal sources of power for shipboard 
welding are described briefly in the following 
paragraphs. 

1. A d-c generator with variable voltage 
characteristics may beusedin a single-operator 
welding system. The generator is so designed 
that it delivers a voltage high enough to start 
the arc, and then reduces the voltage as required 
to maintain the arc during the welding. 

2. A 70-volt d-c generator having constant 
voltage characteristics and resistors to reduce 
the voltage to the proper value is used in some 
multiple-operator welding systems. The con- 
stant voltage feature of the generator means 
that the generator is capable of supplying the 
varying current needs of a number of operators 
welding at the same time. 

3. A transformer with variable voltage 
characteristics is used to supply alternating 
current for single -operator or multiple -oper- 
ator welding. 

4. A rectifier may be used to convert alter- 
nating current to direct current for welding. 

The power from these sources is utilized 
in various types of welding equipment in such a 
way that the desired current is obtained. The 
basic types of welding equipment that are used 
for manual shielded metal arc welding are 
(1) the variable voltage direct -current generator 
welding unit, (2) the constant -potential, multiple - 
operator welding unit, (3) the transformer 
welder, and (4) the rectifier -type welding ma- 
chine. It should be noted that the Navy is now in 
the process of replacing shipboard a-c welding 
machines with d-c equipment. 

Variable Voltage 

Direct-Current Generator Welding Unit 

A variable voltage direct-current generator 
welding unit consists of a d-c generator driven 
by an a-c or d-c electric motor or by a gasoline 
or diesel engine. The voltage produced by the 
generator usually ranges from 15 to 45 volts 
across the arc, and the current output varies 
from 40 to 375 amperes, depending on the type 
of unit. In most units the voltage and ampere 



output of the generator is controlled auto- 
matically by the self-regulating or drooping 
voltage characteristics in the generator. (An 
increase in the current through the generator 
results in a decrease in voltage.) In addition, 
the generator output is manually controlled by 
means of one or two manual adjustments. 

Welding machines of this type may have 
single or dual controls. In the usual single - 
control generator, output adjustment is accom- 
plished by shifting the position of generator 
brushes or by moving a portion of the magnetic 
field structure of the generator. In the usual 
dual-control generator, output is adjusted by 
varying the generator shunt field strength and 
varying the strength and direction of the series 
field. The machine shown in figure 9-1 is a dual- 
control type fastened on an ordnance handling 
truck. A ground plate is attached to the work 
to be welded, and the electrode is clamped in 
the electrode holder. 
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Figure 9-1.— Direct- current generator 
welding unit (dual-control type). 

When an electric power supply is avail- 
able, welding generators are usually driven by 
an electric motor, with the motor connected to 
the generator by means of a flexible coupling. 
Others are set up with the generator and the 
motor on the same shaft. When an electric 
power supply is not available, you may have a 
gasoline or diesel engine to rotate the gener- 
ator. In this case, the engine is equipped with a 
governor to compensate for the varying loads 
imposed by the welder. 

Typical connections for a single- operator 
d-c generator welding unit are shown in figure 
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Figure 9-2.— Typical connections for a single- 
operator d-c generator welding unit. 



freely. Check to see that generator and motor 
brushes are in place and that they fit properly. 

5. Before starting the motor, insulate the 
electrode holder from the ground and attach the 
work and electrode welding leads to the proper 
generator terminals. On machines equipped with 
reversing switches, connect the ground (or work) 
lead to the terminal marked GROUND and the 
electrode lead to the terminal marked ELEC- 
TRODE; then set the reversing switch for the 
desired polarity. On machines not equippedwith 
reversing switches, connect the leads to the 
terminals in the manner indicated on the name- 
plate or in the manufacturer's technical manual; 
to change polarity on these machines, it is 
necessary to interchange the leads. Figure 9-3 
illustrates straight polarity and reverse po- 
larity. 

6. Adjust the welding current in accordance 
with the manufacturer's instructions. Single- 
control machines are designed to give adequate 
voltage at each current setting. Dual-control 
machines have separate voltage and current 
adjustments. 



9-2. Before placing any unit in operation, 
check the nameplate data and the manufacturer's 
technical manual for exact instructions on 
setting up the unit. In particular, check the 
following points. 

1. If the generator is driven by an electric 
motor, be sure that the power supply agrees 
with the motor requirements. Never attempt to 
operate a d-c motor on a-c power or a-c 
motor on d-c power. 

2. Check the motor supply cable and the 
fuses. Make sure that the wiring to the motor 
is large enough to carry the load, and be sure 
that the line fuses are adequate. If you have 
any reason to doubt the adequacy of the cable 
or the fuses, have the equipment checked by an 
Electrician's Mate. 

3. On machines driven by direct -current 
motors, connect power leads of the right polarity 
to the motor terminals in order to ensure correct 
rotation, excitation, and meter pointer swing. 
Rotation of three-phase a-c motors may be 
reversed if necessary by interchanging any two 
supply leads. 

4. Before applying power to the motor, 
turn the shaft by hand to make sure that it turns 



When values required for a given welding job 
are beyond the capacity of a single -operator 
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Figure 9-3.— Reverse polarity and 
straight polarity. 
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welding generator, the required current can be 
obtained by interconnecting or paralleling two 
single -operator generators. As a rule, the sets 
paralleled should be of identical rating. How- 
ever, it is usually possible to parallel sets of 
different ratings if the proper precautions are 
observed. If sets with different current ratings 
are paralleled, special care must be taken to 
ensure that the total load is divided in propor- 
tion to machine ratings and that the current 
rating of neither machine is exceeded. Paral- 
leling instructions are contained in the manu- 
facturer's technical manuals furnished with your 
equipment. Study these instructions before you 
attempt to operate welding generators in par- 
allel. In the event machines of different makes 
are to be paralleled and specific instructions for 
paralleling are not available, the procedure out- 
lined in the following paragraphs and illustrated 
in figure 9-4 will generally apply. 

1. Before starting to parallel, examine 
both machines for possible defects. Set the 
polarity switches of both machines on the same 
welding polarity. Be sure that the paralleling 
switch is open. (See fig. 9-4.) 

2. Connect the output terminals of each 
machine to the double-pole, 300-ampere- 
capacity paralleling switch, as shown in figure 
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Figure 9-4.— Paralleling connection for a 
single-operator welding generator. 



9-4. The cable from each machine should be 
105,000 circular mils (cm) or larger. Connect 
the electrode holder lead and the grounding lead 
to the paralleling switch, but do not connect the 
grounding lead to the ground. Insulate both leads. 
Then start both machines. 

3. After starting the machines, check to see 
that the motors are rotating in the proper direc- 
tion. Then set controls on machines of like 
rating for approximately the same value of cur- 
rent, and machines of different ratings for 
current outputs proportional to their ratings. 
The sum of the machine current settings should 
equal the desired value for the work involved. 

4. Next, adjust the field rheostat on each 
machine so that the open-circuit voltages are 
equal. When engine-driven sets with idling 
devices are to be paralleled, the idling device 
should be disconnected during the paralleling 
operation. If voltages of both machines are 
approximately equal at their no-load speeds, 
the machines are ready to be paralleled. As a 
final check on the equality of voltage and po- 
larity, check the voltage across the two-pole 
paralleling switch. This is done by closing the 
instrument switch temporarily connected across 
one pole (see fig. 9-4) while a voltmeter is con- 
nected across the other pole. The voltage should 
be zero. Remove the voltmeter and the instru- 
ment switch after completing the voltage check. 
Closing the paralleling switch completes the 
paralleling operation. 

The machines are properly paralleled if the 
open-circuit voltage does not change after the 
switch is closed. Ammeters on both machines 
should indicate approximately zero under no- 
load conditions. If the current reading is over 
25 amperes without using the electrode on the 
work, the generators are not properly par- 
alleled. The paralleling switch should be opened, 
in this case, and the circuits and voltages 
rechecked. The final step in the paralleling 
operation is to connect the ground lead to the 
work. When paralleled, the two machines serve 
current to the welder as if they were one. 

Like the line resistor unit discussed pre- 
viously, a d-c generator welder should be located 
in a clean, dry, well ventilated place, away from 
acid fumes or steam. Given proper care, the 
unit should give many years of trouble-free 
service. Like most mechanical devices however, 
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welding generators occasionally fail to operate 
properly. Common difficulties include: 

1. The machine fails to start. 

2. The machine runs but fails to generate 
current. 

3. The overload device does not hold the 
motor in the circuit. 

4. The machine fails to hold its amperage. 

5. The welding arc spatters excessively.. 

Determining causes and effecting remedies 
usually require the services of an Electrician's 
Mate. However, there are some things that you 
can and should do before you call in the 
Electrician's Mate. 

If the machine fails to start, the trouble 
may be a blown fuse or an open or disconnected 
switch. You can check fuses and switches your- 
self. If the machine runs but fails to generate 
current for the welding circuit, it may be that the 
motor is rotating in the wrong direction. You can 
check the direction of rotation with the direction 
arrow on the outside housing of the equipment. 
On a three-phase motor, rotation may be changed 
by interchanging any two of the motor power 
leads. If rotation is correct and the machine still 
fails to generate, the cause of trouble lies else- 
where. An Electrician's Mate should becalledif 
the motor repeatedly cuts out of the circuit or if 
the machine fails to hold its amperage after a 
check has been made to ensure that all welding 
cable connections are tight and that the unit is 
properly adjusted. 

Excessive arc spatter may result from poor 
welding technique, incorrect current setting, or 
incorrect polarity. Check the current output 
settings and make any adjustment that may be 
necessary. If the readjustment of controls does 
not solve the spatter problem, check the polarity. 
Either reverse the polarity of the generator or 
try an electrode of the opposite polarity. With 
proper welding technique, the right polarity, and 
the correct current output adjustment, excessive 
spatter should not occur. 

Most difficulties with generator welding 
units can be avoided through routine maintenance 
and periodic overhaul. Here again the Elec- 
trician's Mate has primary responsibility. How- 
ever, you are responsible for keeping the outside 
of the equipment clean. Once each month, not 
only the outside but the inside of the unit should 



be blown free of dust with clean, dry compressed 
air. Also, at that time, oil the wheel bearings on 
portable welding units. Each of the machines 
should be operated for at least a few minutes 
once a week. In addition to routine maintenance, 
inspection, and testing, each machine is com- 
pletely dismantled, thoroughly cleaned,and over- 
hauled as necessary every two years. Again, this 
is a job performed by Electrician's Mates. In- 
structions governing maintenance and overhaul 
of electrical equipment, including welding mach- 
ines, are discussed in detail in the NavShips 
Technical Manual . 

C onstant - Potential, 
Multiple -Operator Unit 

The constant -potential, multiple -operator 
welding unit provides direct current for arc 
welding. Most constant-potential, multiple- 
operator units used on board ship are per- 
manently installed; however, a few semiportable 
constant -potential systems are in use. The per- 
manently installed units have ampere ratings 
which range from 300 to 2000. A typical set 
available on repair ships and tenders is the 750- 
ampere unit illustrated in figure 9-5. From eight 
to twelve operators can weld from this machine 
at the same time. 

The major parts of a constant -potential, 
multiple -operator welding system are (1) a 70- 
volt, constant -potential, d-c generator driven by 
an a-c or d-c motor; (2) a motor controller; (3) 
a generator control and power distribution board 
or panel; (4) stationary resistor panels; (5) port- 
able resistor panels; and (6) a system of welding 
outlets fed from the generator panel. It should be 
noted that some units do not have the stationary 
resistor panels; in such systems, the portable 
resistor panels are designed to operate when 
directly connected to the 70-volt constant- 
potential distribution system. 

A diagram of a typical constant -potential, 
multiple -operator unit is shown in figure 9-6. 
As may be seen, a 70-volt direct current pro- 
duced by the generator passes to the distribution 
board. Power is then transmitted to individual 
stationary control panels, where the current is 
adjusted (by means of resistors controlled by tap 
switches) to the value required for welding. From 
the stationary panel, the current passes to weld- 
ing outlets which may be located in any part of 



1 on 



Chapter 9- METAL ARC WELDING 



RHEOSTAT VOLTMETER AMMETER MOTOR CONTROL 




11.65 

Figure 9-5.— 750- ampere, constant- potential, 
multiple- operator welding unit. 

the ship. As shown in figure 9-6, a portable panel 
maybe included in the system to permit current 
control adjustments by the welder at the place of 
work. 

Assuming that the unit has been properly in- 
stalled and is ready for operation, the following 
points should be observed in supplying welding 
power to the system. Turn the armature by hand 
to see that it rotates freely. If it does, start the 
motor by depressing the appropriate motor- 
control pushbutton. With the motor in operation, 
check to see that the direction of rotation is 
correct. The next step is to energize the welding 
bus of the generator control board. This is ac- 
complished by closing the generator breaker or 
magnetic contactor and then the generator dis- 
connect switch. Welding power can now be applied 
to any or all of the stationary panels and welding 
outlets in the system by closing the proper 
switches on the distribution board. 

Welding can be accomplished directly from 
the terminals of the stationary panel by using the 
current adjusting switches as previously de- 



scribed. For local welding (that is, using current 
directly from the panel instead of from a remote 
welding outlet elsewhere in the ship) be sure to 
open the disconnect switch which feeds current to 
the permanent welding outlets connected to that 
panel. This procedure will prevent interference 
from the external circuit. 

When welding is to be done away from the 
ship, say on submarines or destroyers alongside, 
or if the location of welding aboard your own ship 
is some distance from central control, it may be 
desirable to use a portable panel. As indicated in 
figure 9-7, there are two types: a portable re- 
sistor panel used in conjunction with a stationary 
panel, and a portable panel designed for operation 
directly from a 70-volt line direct from the con- 
stant -potential generator. In the first type (part 
A, fig. 9-7), the panel is designed to provide only 
a part of the necessary voltage drop. When this 
type of portable panel is used, all current adjust- 
ing switches in the stationary panel must be 
closed, except the "cutting" or disconnect switch. 
This first type must not be connected directly to 
a 70-volt line. While the second type may be used 
on a line directly from the generator, it must not 
in any case be operated from a power supply of 
greater voltage than that for which it is designed 
as noted on the nameplate. 

From the diagrams presented in this section, 
it should be apparent that the constant -potential 
system is a 2-wire system. The advantages of 
this 2-wire system over a 1-wire system which 
uses the ship for a ground return is that the 2- 
wire system eliminates the possibility of elec- 
trolysis within the vessel and minimizes the ef- 
fect of welding currents on the ship's magnetic 
field. In all welding operations, this 2-wire sys- 
tem should be extended from the welding outlet to 
a point as close to the work as practicable. This 
is accomplished by attaching portable work and 
electrode cables to the terminals of the welding 
outlet and grounding the work lead close to the 
point of welding. This procedure should be fol- 
lowed in any arc welding operation with any kind 
of equipment. 

Since most shipboard welding is done with 
reverse polarity (electrode positive), the con- 
stant-potential system is set up for reverse 
polarity operations . Consequently, the current 
adjusting resistors of the stationary and port- 
able control panels are connected in the positive 
welding line. Welding with straight polarity 
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Figure 9-6.— Diagram of typical constant- potential, multiple- operator welding system. 



(electrode negative) can be done if necessary; 
however, all other welding from the constant 
potential generator must be secured. Then con- 
nect the electrode lead to the negative terminal 
of the welding outlet or stationary panel, and 
connect the work or ground lead to the positive 
terminal. Resistor panel adjustments for the 
current value desired are made in the usual 
manner. As a rule, when it is necessary to weld 
with straight rather than reverse polarity, it is 
more efficient to use a single -operator welding 
machine, with the polarity switch set for straight 



polarity, rather than to use the constant -potential 
system. 

Constant -potential welding equipment re- 
quires maintenance and periodic overhaul. Al- 
though the equipment is larger and the system 
more extensive than that of line resistor and 
single -operator d-c generator systems, the pro- 
cedures for upkeep are much the same as those 
previously described for the smaller systems. 
Follow the recommendations in the manufact- 
urer's technical manual and the maintenance and 
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Figure 9-7.— Portable welding panels lor 
constant- potential, multiple- operator 
welding system. 

overhaul procedures outlined in the NavShips 
Technical Manual. 

Transformer Welder 

A transformer welder provides a-c, rather 
than d-c, current for welding. As noted before, 
a-c welding machines are now being replaced by 
d-c machines for shipboard use, except for the 
tungsten arc welding of aluminum. However, you 
should know something about the a-c equipment, 
since some ships may still have a-c welding 
machines. 

A shipboard transformer welder changes 
220-volt or 440-volt a-c power to a lower volt- 
age that is suitable for welding. There are 
several different types of transformer welders, 
the types differing chiefly in the manner in which 
current control is accomplished. Before opera- 
ting any transformer welder, be sure that you 
understand the instructions given in the manu- 
facturer's technical manual. General points to 
remember before energizing any type of trans- 
former welder include: 

L Transformer core and case must be se- 
curely grounded. 

2. The electrode lead and the work lead 
must be insulated from each other and from the 
ground. 



3. The unit must not be connected to a 
power supply of greater voltage than that spec- 
ified on the nameplate of the unit. Excessive 
voltage may result in serious damage to the 
transformer coils. 

A flexible, three-wire, primary power sup- 
ply cable is furnished with each transformer 
welder. Two leads, one black and one white, are 
supplied for connection to the power supply; a 
third lead is supplied for grounding the trans- 
former core and case to the grounded blade of 
the power receptacle. The ground wire of the 
primary cable supply should always be securely 
connected to the ground before power is applied 
to the unit. 

Rectifier -Type Welding Machine 

The rectifier -type welding machine oper- 
ates from an a-c ship's service power source 
but delivers d-c welding current. There are 
various types of rectifier welders, but most of 
them consist of three major parts: a trans- 
former, to change the power supply voltage 
(220 or 440 volts) to a lower voltage suitable for 
welding; a movable core reactor, to adjust the 
welding current; and a rectifier cell (copper 
oxide or selenium plates), to change the alter- 
nating current to direct current. 

WELDING CABLES 

The welding cables that conduct the welding 
current from the power source to the weldment 
and then back to the source must be flexible, 
durable, well insulated, and large enough to 
carry the required current. Only cable that is 
especially designed for the purpose should be 
used for welding. A highly flexible cable must be 
used between the welding machine and the elec- 
trode holder. The ground cable— that is, the one 
which connects the work and the machine— need 
not be so flexible as the cable which connects 
the machine and the electrode holder. 

Two factors determine the size of the weld- 
ing cables that should be used, as shown in 
tables 9-1 and 9-2: the amperage rating of the 
machine, and the distance between the work and 
the machine. If either amperage or distance is 
increased, the cable size must also be in- 
creased. A cable that is too small for the am- 
perage used will become overheated; a cable 
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Table 9-1.— Nomograph for Ground Wire Size (Copper). 
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that is too small for the distance between the 
machine and the work will not carry sufficient 
current to the arc without becoming overheated. 
On the other hand, the larger sizes of cable are 
more difficult to handle. The best size, there- 



fore, is one which is entirely adequate for the 
work but which is not unnecessarily large. 

As a rule, the cable between the machine 
and the work should be as short as possible. 
Use one continuous length of cable, if the re- 
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Table 9-2.— Nomograph for Electrode Lead Cable Size (Copper). 
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quired length is not more than 35 feet. If it is 
necessary to use more than one length of cable, 
join the sections with insulated, lock-type cable 
connectors. Joints in the cable should be at least 
10 feet away from the operator. 



ELECTRODE HOLDERS 

An electrode holder is essentially a clamp- 
ing device for holding the electrode securely in 
any position. The welding cable passes through 
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the hollow, insulated handle of the holder. The 
advantage of having an insulated holder is that it 
may be touched to any part of the work without 
danger of short circuiting. Electrode holders 
permit quick and easy change of electrodes. 

Electrode holders are made in a number of 
different sizes and designs, some of which are 
shown in figure 9-8. Each holder is intended for 
use within a specified range of electrode diam- 
eters and within a maximum welding current 
amperage. A larger holder is required when 
welding with a machine having a 300-ampere 
rating than when welding with a 100-ampere 
unit. If the holder is smaller than that specified 
for use with a particular amperage, the holder 
will overheat. 

ELECTRODES 

Metal electrodes are manufactured in a wide 
variety of types and sizes. All electrodes used 
for manual shielded metal arc welding are part 
of the electrical circuit; all electrodes used for 
this process in the Navy are suitable for use 
with direct current; some are also suitable for 
use with alternating current. Some electrodes 
are a source of filler metal, others are not. 
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Figure 9-8.-Electrode holders. 



Metal electrodes are available in various 
diameters and lengths. In general, small-diam- 
eter electrodes are suitable for all welding po- 
sitions, while those of larger diameter are suit- 
able for welding in the horizontal position or in 
the flat position. In all welding operations, it is 
essential that you use electrodes of the proper 
size, type, and composition. Consult the tables 
in NavShips Technical Manual , chapter 9920, for 
information on the correct selection of elec- 
trodes. 

All metal electrodes now used by the Navy 
for manual shielded metal arc welding are of the 
shielded-arc type. These electrodes are made of 
wire of specified composition which is covered 
with a heavy coating. The coating improves the 
physical properties of the weld deposit and helps 
to control arc stability. The heavy coating keeps 
the oxygen in the air from combining with the 
molten metal of the weld. 

Shielded-arc electrodes are most commonly 
coated with a cellulose substance such as wood 
pulp or sawdust, or with mineral substances 
derived from asbestos andclay. Other materials 
such as burnt sugar, gums, and starches are 
also used as electrode coverings. 

PREPARATIONS FOR WELDING 

Before beginning to weld, be sure that you 
have all the required equipment for welding and 
all the equipment needed for your personal pro- 
tection. Be sure that the welding machine is in 
good condition. Do not attempt to use a welding 
machine until you are entirely familiar with the 
procedures for setting it and using it. Procedures 
for setting welding machines vary according to 
the type of machine and according to the manu- 
facturer; in general, remember that you must set 
a welding machine for the correct amperage, the 
correct voltage, and -for d-c machines -the 
correct polarity. 

The amperage to be used depends upon the 
size and type of electrode used, and the selection 
of the electrode depends, in turn, upon the nature 
of the welding job. The containers in which elec- 
trodes are furnished usually have instructions 
for the use of the electrodes and tables of rec- 
ommended current values for various electrode 
sizes and welding positions. Table 9-3 may be 
used as a general guide to the amperage re- 
quired for welding steel with one commonly used 
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Electrode Size 
(inches) 


Class 


Plate 
Thickness 


Amperes 




(inches) 


d-c 


a-c 


3/32 


1 


3/16 


70 


80 


1/8 


1 


1/4 


110 


120 


5/32 


1 


1/4 


135 


150 


3/16 


1 


1/2 


155 


180 


7/32 


2 


1/2 


175 


215 


1/4 


2 


1/2 


225 


240 


11.384 



Table 9-3.— Amperage Required for Welding 
Steel with MIL-Type 6011 Electrodes. 



type of electrode (MIL-type 6011 electrode). 
There is no need to memorize this information; 
it is included here merely to give you an idea of 
the range of amperages that you are likely to 
need for welding steel. 

The voltage required for welding also de- 
pends upon the size of the electrode. As noted 
before, some welding machines have separate 
controls for voltage and amperage, while others 
have only a single control. 

In addition to the major items of equipment 
that we have considered so far, you may also need 
a container for carrying electrodes, a chipping 
hammer and a wire brush for removing slag 
from the weld between passes, fillet weld gages, 
a hammer, a center punch, a scriber, a flexible 
rule, and other supplementary equipment. In 
some welding shops, you may have a welding 
positioner. This device is fitted with T-slots to 
facilitate securing the work; it is also fitted with 
a system of hand-operated or power-operated 
gears through which the weldment can be adjusted 
so that all welds can be made in the flat position. 

After all equipment has been assembled and 
the machine has been properly set, clamp the 
bare end of the electrode in the electrode holder 
so that the entire length of the electrode can be 
used without breaking the arc. If you are welding 
with a very long electrode, it may be more con- 
venient to bare the center of the electrode for 
the holder grip. 



STRIKING THE ARC 

The arc may be started either by the striking 
or brushing method or by the tapping method. In 
either case, the arc is formed by short-circuiting 
the welding current between the electrode and the 
work. The heat of the current at the arc melts 
both the end of the electrode and the part of the 
work that it touches. 

To start the arc by the STRIKING or BRUSH- 
ING method, bring the end of the electrode down 
to the work in a continuous motion that describes 
the arc of a circle. As soon as the electrode 
touches the base metal, check the downward mo- 
tion and raise the electrode to make the arc. 
The distance between the electrode and the base 
metal should be about equal to the diameter of 
the electrode. You can tell when the distance is 
right by the sharp, cracking sound the arc will 
make. Figure 9-9 shows the striking or brushing 
method of starting the arc. 

To start the arc by the TAPPING method, 
hold the electrode at right angles to the work, as 
shown in figure 9-10. To establish the arc, lower 
the electrode and tap it or bounce it on the sur- 
face of the base metal and then slowly raise it a 
short distance. If you raise the electrode too 
quickly, you will lose the arc. If you raise it too 
slowly, the electrode will freeze or stick to the 
base metal; if this happens, you can usually free 
the electrode by giving it a quick, sidewise twist. 
If you cannot free the electrode in this way, re- 
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Figure 9-9. -Striking or brushing method of 
starting the arc. 
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move the holder from the electrode or stop the 
machine; then tap the electrode lightly with a 
chisel, to free it from the base metal. CAU- 
TION: NEVER remove your helmet or the shield 
from your eyes as long as there is any possibility 
that the electrode will arc. 

After the arc is struck, particles of metal 
melt off the end of the electrode and are fed into 
the molten crater of the base metal. The length 
of the electrode is thus gradually shortened. Un- 
less you keep moving the electrode closer to the 
base metal, the length of the arc will increase. 
If the electrode is fed down to the plate and along 
the surface at a constant rate, a bead of metal 
will be deposited or welded on to the surface of 
the base metal. Before advancing the arc, hold it 
for a short time at the starting point to ensure 
good fusion and to build up the bead slightly. 
Good arc welding depends upon good control of 
the motion of the electrode down to and along the 
surface of the base metal. 

BREAKING THE ARC 

There are two methods by which an arc may 
be broken. The most commonly used method is 
to shorten the arc and then quickly move the 
electrode sidewise out of the crater. The other 
method is to hold the electrode stationary until 




11.70X 

Figure 9-10.-Tapping method of starting 
the arc. 



the crater is filled and then slowly withdraw the 
electrode. 

REESTABLISHING THE ARC 

When it is necessary to reestablish the arc 
(as when the length of weld requires the use of 
more than one electrode), the crater must be 
cleaned before striking the arc. Strike the tip of 
the new electrode at the forward (cold) end of the 
crater. Move the arc backward over the crater, 
and then move forward again to continue the 
weld. This procedure fills the crater and pre- 
vents porosity and slag inclusions. 

ARC WELDING TECHNIQUES 

The types of welds, the types of joints, and 
the welding positions used in manual shielded 
metal arc welding are generally the same as 
those used in oxyacetylene welding. The tech- 
niques, of course, are somewhat different be- 
cause of the different equipment involved. 

In arc welding, the position of the electrode 
in relation to the joint being welded is a matter 
of great importance. Increasing the electrode 
angle in the direction of welding builds up a bead. 

For welding a bead in the flat position (fig. 
9-11), the electrode should be held at a 90° angle 
to the base metal. In order to get a good view of 
the molten puddle, you may find it convenient to 
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Figure 9- 11. -Position of electrode in making 
a bead in the flat position. 



Chapter 9- METAL ARC WELDING 



tilt the electrode forward, in the direction of 
welding, to an angle that is 5° to 15° off from 
the 90° angle. Do not move the electrode from 
side to side as you run a bead. To keep the arc 
constant, move it forward just fast enough to 
deposit the weld metal uniformly and move it 
downward as rapidly as necessary to keep the 
same length of arc. 

Use a short arc, and weld in a straight line 
at a constant speed. Since you cannot judge the 
length of an arc by looking at it, you will have to 
depend upon recognizing the sharp, cracking 
sound that is made by a good, short arc. This 
sound should be heard all during the time the 
arc is being moved along the joint. 

A good bead weld made by the manual 
shielded metal arc welding process should have 
little or no spatter on the surface of the plate. 
The arc crater in the bead should be approxi- 
mately 1/16 inch in depth when the arc has been 
broken. The bead should be built up slightly, but 
should not have any metal overlap at the top sur- 
face. There should be good penetration of approx- 
imately 1/16 inch into the base metal. Figure 
9-12 shows properly made bead welds in the flat 
position. 

A butt joint in the flat position should be set 
up in the same manner as for oxyacetylene weld- 
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Figure 9-12.-Properly made bead welds 
(flat position). 



ing. Plates less than 1/4 inch in thickness can 
be welded in one pass. They do not require any 
edge preparation, but the pieces should be tacked 
together to keep them in alignment. The elec- 
trode motion should be the same as that used for 
forming a bead in the flat position. Plates 1/4 
inch or more in thickness require edge prepara- 
tion by beveling or U -grooving. The first bead 
or root is deposited to seal the space between the 
two pieces of the joint and to weld the two pieces 
of the joint. This bead must be thoroughly cleaned 
of all slag before the second pass is made. The 
second, third, and fourth layers of weld metal 
are sometimes deposited by using a weaving mo- 
tion of the electrode. Figure 9-13 illustrates 
some of the weave motions that may be used; the 
selection of the particular motion depends upon 
the type and size of the electrode. In using any 
weave motion, pause at the end of each turn of 
the weave in order to avoid undercutting. Be 
sure to clean each layer of weld metal before 
depositing another layer. 

In order to ensure adequate penetration at 
the root, a backing strip may be used when 
making a butt weld in the flat position. The 
backing strip should be about 1 inch wide and 
3/16 inch thick. Tack weld the strip to the base 
of the joint and use it as a cushion for the first 

± > i > > > 
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Figure 9-13.-Weave motions used in manual 
shielded metal arc welding. 
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layer of weld metal deposited in the joint. Then 
complete the joint by adding additional layers of 
weld metal in the regular way. After the weld 
has been completed, the strip may be removed 
with a cutting torch and if necessary a seal bead 
may be added at the back. The use of backing 
strips in welding butt joints is shown in figure 
9-14. 
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Figure 9- 14. -Use of backing strips in 
welding butt joints. 

In making fillet welds, pay particular atten- 
tion to lead angles and work angles. As shown in 
figure 9-15, the WORK ANGLE is the angle be- 
tween the electrode and the work in a plane at 
right angles to the long axis of the joint. The 
LEAD ANGLE is the angle between the electrode 
and the joint in the direction of the welding. 
Work angles and lead angles for various types of 
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Figure 9-15.— Electrode work angle and 
lead angle. 



electrodes are usually specified by electrode 
manufacturers. 

Figure 9-16 illustrates the fillet welding of 
a T -joint in the flat position. The surfaces of the 
pieces to be joined make a 90° angle with each 
other. First weld a tack at each end, to hold the 
pieces in position. To make the fillet weld, use 
a short arc and hold the electrode at a work 
angle of 45° to the plate surfaces. Tilt the elec- 
trode to a lead angle of about 15°. Light plate 
can be welded in one pass, without any weaving 
motion of the electrode. Heavier plate may take 
two or more passes, a semicircular weave mo- 
tion is used with the second pass to get good 
fusion without undercutting. To weld plate that 
is 1/2 inch or more in thickness, use string 
beads in the order shown in figure 9-17. 

Lap joints in the flat position are made in 
the same way as T-joints, except that the elec- 
trode should be held so as to form a 30° angle 
with the vertical. 

When welding in the overheadposition, keep 
a short arc, hold the arc at an angle of 90° 
to the base metal, and avoid excessive weaving. 
Butt joints in the overhead position are most 
easily made with backing strips; if backing 
strips are not permitted, the root can be welded 
from the top of the joint. String beads are better 
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Figure 9-16.-Fillet welding a T- joint 
(flat position). 
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Figure 9-17.-Order of making string beads for 
T-joint in heavy plate. 



than weave beads for this type of weld. Each 
bead must be cleaned and any rough places 
should be chipped out before the next pass is 
made. Figure 9-18 illustrates the correct elec- 
trode angle and the correct sequence for running 
beads when making a buttt joint in the overhead 
position. 

Figure 9-19 illustrates the fillet welding of 
a T-joint in the overhead position. The welding 
should be done with a short arc, without any 
weaving motion. Hold the electrode about 30° 
from the vertical plate and move it uniformly in 
the direction of welding. Control the arc motion 
so as to get good root penetration and good 



fusion with the side walls. If the pool of 
molten metal gets too large and begins to sag, 
whip the electrode away from the crater ahead of 
the weld and lengthen the arc so that the metal 
will solidify. Then return the electrode to the 
crater, and continue the welding. On heavy plate, 
several passes may be required to make either 
T- joints or lap joints in the overhead position. 
The second, third, and fourth passes of a weld 
like the one shown in figure 9-19 should be made 
with a slight circular movement of the end of the 
electrode. The lead angle should be about 15°. 
Each bead must be cleaned of all slag and oxides 
before the succeeding bead is added. 

Welding in the vertical position is difficult 
because of the tendency of the molten metal to 
run down. Ashortarc and careful control of volt- 
age are particularly important for welding in the 
vertical position. Current setting (amperage) is 
lower for welding in the vertical position than it 
is for welding in the flat position; also, less 
amperage is used for welding down than for 
welding up in the vertical position. When weld- 
ing up in the vertical position, hold the electrode 
at an angle of 90° to the vertical; when welding 
down, hold the electrode at an angle of 15° 
to the vertical in the direction of welding, as 
shown in figure 9-20. Welding down is only done 
with NavShips' written permission. 
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Figure 9-20. -Welding in the vertical position. 
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To make a butt joint in the vertical position, 
use a triangular weave motion, as shown in fig- 
ure 9-21. On plate 1/2 inch or more in thickness, 
several passes will be required. 

ARC BLOW 

Welding with direct current involves a spe- 
cial problem known as ARC BLOW. It is im- 
portant that you understand what arc blow is and 
that you know how to recognize it and what to do 
about it. 

Arc blow is the result of a distortion in the 
electromagnetic field that surrounds a current - 
carrying conductor. The distortion of the field 
occurs as you approach any sudden turn in the 
welding— as, for example, when you are welding 
on an I-beam or a U-beam. When the field is 
distorted, a greater pull exists on one side than 
on the other. Consequently, the arc tends to blow 
out the side of the electrode, consuming the cov- 
ering faster on that side than on the other side. 
The magnetic force takes control of the arc and 
causes it to pull this way and that in a wild and 
uncontrollable fashion. If the situation is not 
corrected immediately, at the first sign of 
trouble, the heat will become intense and the arc 
will fluctuate wildly; in a very short time the 
arc will be lost, usually with an explosive burst 
that carries away the molten metal of the weld. 
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Figure 9 -21. -Triangular weave used to weld 
butt joint in the vertical position. 

Arc blow can often be overcome by changing 
the direction of the current flow, by changing 
ground connections, by modifying the magnetic 
field with metal bars across the weld groove, by 
working toward the ground from any bend in the 
line of weld, or by tilting the electrode. You will 
have to learn by experience which of these meas- 
ures are most successful under various condi- 
tions. 

SHIELDED INERT-GAS METAL ARC WELDING 

Shielded inert -gas metal arc welding is a 
relatively new welding process that has import- 
ant applications in the joining of aluminum alloys, 
magnesium alloys and other alloys or metals that 
are hard to weld by other welding processes. In 
the shielded inert- gas metal arc welding proc- 
ess, coalescence is produced by intense heat 
from an electric arc between a metal electrode 
and the work; the electrode tip, the arc, and the 
molten puddle in the weld zone are shielded from 
the atmosphere by an envelope of inert (chem- 
ically inactive) gas. The inert gas used for this 
purpose is usually helium or argon. There are 
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two major types of shielded inert gas metal arc 
welding processes. 

L Shielded inert-gas metal arc welding 
with nonconsumable tungsten electrode. In gen- 
eral, this process is suitable for welding ma- 
terials less than 1/8 inch thick. Since the tung- 
sten electrode is nonconsumable, it does not melt 
off and serve as a source of filler metal. If the 
joint requires filler metal, it is fed by hand in 
much the same way as filler metal is added in 
oxyacetylene welding. In this case, of course, the 
process is a manual one. 

2. Semiautomatic shielded inert -gas metal 
arc welding. This process is particularly suit- 
able for welding aluminum, and is, in fact, the 
only process authorized by NavShips for the ship- 
board welding of aluminum. It is also used for 
welding other materials that are 1/8 inch or more 
in thickness. The semiautomatic shielded inert - 
gas metal arc welding process employs a con- 
sumable electrode that is fed continuously and 
automatically. 

In both consumable electrode and noncon- 
sumable electrode processes, the shielding gas 
physically displaces air from the welding zone 
and thus prevents the formation of oxides. With 
inert-gas metal arc processes, therefore, it is 
usually not necessary to use a flux in order to 
produce a sound, clean joint. 

EQUIPMENT FOR SHIELDED INERT -GAS 
METAL ARC WELDING 

Although there are significant differences in 
the equipment used for each type of shielded 
inert-gas metal arc welding, the basic principles 
are much the same. Both types require (1) a 
source of welding current; (2) a supply of inert 
gas and suitable regulators and controls; (3) a 
special holder or torch that transmits the weld- 
ing current to the electrode and directs the flow 
of shielding gas; (4) a source of cooling water; 
and (5) hoses and cables. Additional equipment is 
required for the semiautomatic process, since it 
is necessary to automatically feed filler metal 
wire from a reel to and through a special elec- 
trode holder. 

Equipment for shielded inert -gas metal arc 
welding with a nonconsumable tungsten electrode 
is shown in figure 9-22. Equipmentfor the semi- 



automatic consumable electrode process is 
shown schematically in figure 9-23. 

The source of current for both processes is 
most likely to be a d-c welding machine. Although 
a-c sources can be used for welding with the 
tungsten electrode process, it is not used for this 
purpose on board ship or at most naval repair 
activities. Most of the welding machines used for 
manual shielded metal arc welding are also suit- 
able for use with the inert-gas processes. 

Whether the gas used in inert-gas shielded 
metal arc welding is helium or argon, the gas 
must be of high purity and free of moisture, hy- 
drogen, and hydrocarbons. While both argon and 
helium are used interchangeably, and in some 
instances have been mixed, each gas has advant- 
ages for certain applications. The inert gas used 
in the process influences the characteristics of 
the arc. With either helium or argon, the arc is 
smooth and quiet. With argon the arc has an ap- 
pearance similar to the oxyacetylene welding 
flame; with helium the arc is more ball-like in 
shape. 

Argon offers less resistance to the passage 
of electricity than does helium. Because of the 
difference in electrical resistance, the heat pro- 
duced by the arc in an atmosphere of helium is 
hotter than that developed in argon. The helium 
shielded arc also produces deeper penetration, 
but at the same time has a greater tendency to 
spatter. Most inert-gas welding in the Navy em- 
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Figure 9 -22. -Equipment for shielded inert - 
gas metal arc welding (nonconsumable 
tungsten electrode). 
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Figure 9 -23. -Equipment for semiautomatic 
shielded inert -gas metal arc welding. 



ploys helium, argon, or carbon dioxide, or a 
mixture of any two of these gases. Argon is the 
most economical and it produces the best re- 
sults in the welding of heavy materials. 

The source of inert gas is a high-pressure 
cylinder similar to the type used for oxygen. The 
cylinder pressure of the inert gas is reduced 
through a regulator that is identical in design 
with the regulators used to reduce oxygen pres- 
sures. A uniform and constant flow of shielding 
gas is required for both inert-gas processes. 
The rate of gas flow is indicated by a graduated 
glass tube type of flowmeter which is usually— 
although not always— attached to the regulator. 
Figure 9-24 shows a regulator and a flowmeter 
for inert-gas welding. Flowmeters for argon 
and for helium are NOT identical. Be sure to use 
the right one, or the flow will not be indicated 
correctly. 

The regulator gage, calibrated in pounds per 
square inch, indicates the gas cylinder pressure. 
The flowmeter is calibrated in liters per minute, 
cubic feet per minute, or cubic feet per hour. In 
any case, the meter indicates the flow of gas in 
terms of volume per unit of time. Gas flow rate 
is adjusted by turning the adjusting screw on the 
regulator. Before installing the regulator, flow- 
meter, and hose, crack the cylinder valve to blow 
out foreign matter. Attach the flowmeter after 
the regulator has been installed. Be sure that the 
flowmeter is mounted in an exactly vertical po- 
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Figure 9 -24. -Regulator and flowmeter for 
inert-gas welding. 



sition. When the regulator pressure gage indi- 
cates 25 psi, replace the cylinder. 

A schematic diagram of an electrode holder 
designed for shielded inert -gas welding with a 
tungsten electrode is illustrated in figure 9-25. 
Not all holders have the same external appear- 
ance, but the principle is much the same. The 
holder illustrated is designed to (1) hold the 
electrode; (2) introduce an envelope of shielding 
gas around the electrode; (3) transmit current to 
the electrode; and (4) circulate cooling water 
throughout the holder. The manner in which these 
functions are performed is shown in figure 9-25. 

The electrode is held in place by a gripping 
device (called a COLLET) which is designed so 
that gas can flow through it and around the elec- 
trode. At the same time, the collet provides the 
means by which welding current is transmitted 
to the electrode. The replaceable gas shielding 
cup may be made of a ceramic material or it may 
be of metal. If it is metal, cooling water also 
circulates through the cup as well as the rest of 
the holder to prevent overheating. 

Water-cooled holders like the one illustrated 
are made in a variety of types and sizes and in 
ratings from 200 to 800 amperes. Holders having 
current capacities up to 100 amperes are air 
cooled. All holders are completely insulated and 
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Figure 9 -25.-Water -cooled electrode holder for shielded inert-gas welding 

with tungsten electrode. 



most holders can handle several sizes of elec- 
trodes through the use of interchangeable collets. 

The operator controls the operation of the 
torch through a trigger or button mounted on the 
handle. Depressing the button or trigger actuates 
solenoids which in turn start the flow of shielding 
gas and cooling water and energize the welding 
circuit. Control circuits are so arranged that gas 
and cooling water flow for a short period before 
and after the welding circuit is energized or cut 
off. This is a particularly advantageous arrange- 
ment, since it ensures that shielding gas is 
available to protect the weld zone when welding 
begins and for a short period after the arc is ex- 
tinguished. 

Most of the shielded inert -gas metal arc 
welding that is done on board ship is done by the 
semiautomatic process. The equipment, shown in 
figure 9-23, is designed to operate with either 
constant potential or variable voltage d-c weld- 
ing machines. It is generally similar to the 
equipment used for inert -gas welding with a 
tungsten electrode, having the same supply and 
flow-control equipment for water and for the 
inert gas. However, some specialized equipment 
is required for the shielded inert-gas metal arc 
process, as shown in figure 9-26. 

The equipment for shielded inert-gas metal 
arc welding includes a PORTABLE DRIVE UNIT 
for the electrode wire. This unit, which consists 
of a wire spool, an electric motor, and a wire 



drive mechanism, feeds the welding wire to the 
torch at the rate required for the welding. The 
motor speed may be regulated to increase or de- 
crease the speed at which the electrode wire is 
fed to the torch. 

The TORCH or ELECTRODE HOLDER is 
similar to the one used for the tungsten electrode 
process but serves the additional function of re - 
ceiving and guiding the electrode wire into the 
proper position for the welding operation. The 
wire is fed from the spool of the portable drive 
unit to the torch, through a 10- foot length of flex- 
ible cable. This cable is independent of the 
multiple conductor through which the torch re- 
ceives welding current, inert gas, and cooling 
water. 

The CONTROL UNIT for the shielded inert- 
gas metal arc welding equipment contains an 
electronic governor for control of the rate of 
wire feed, solenoid-operated valves for water 
and inert-gas, and other control items. Once the 
controls on the panel have been adjusted, the con- 
trol unit automatically regulates all phases of the 
welding operation as the operator pulls the trig- 
ger switch on the torch and directs the arc into 
the joint. 

Bare electrode wire coiled on a disposable 
spool is used with semiautomatic shielded inert- 
gas welding equipment. Filler material is avail- 
able for use with a variety of base metals in- 
cluding aluminum, aluminum bronze, silicon - 
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Figure 9-26. -Specialized equipment for 
semiautomatic shielded inert -gas 
metal arc welding. 

copper, and stainless steel. Wire diameter sizes 
range from 3/64 to 3/32 inch. The size selected 
depends on the thickness of the base metal to be 
welded. As a rule, 3/64-inch diameter wire is 
used on thin material, 1/16-inch diameter wire 
on material of medium thickness, and 3/32-inch 
diameter wire on thick material. 

SHIELDED INERT-GAS METAL ARC 
WELDING TECHNIQUES 

Before starting to weld with shielded inert- 
gas metal arc welding equipment, be sure that all 
controls are properly adjusted, that all connec- 
tions are correctly made, and that all safety pre- 
cautions are being complied with. Wear protective 
clothing, including a helmet with a suitable filter 
lens. 



Hold the welding torch as shown in figure 
9-27, supporting on your shoulder the flexible 
cable through which the electrode wire is fed. 
The cable should be kept as straight as possible. 
The torch cable and hose assembly may be in any 
convenient position as long as it does not come 
in contact with hot metal. 

Press the torch trigger and then release it. 
Pressing the trigger closes the contact that en- 
ergizes the welding circuit and starts the flow of 
inert gas and cooling water through the torch. 
Welding current is transmitted to the wire guide 
tube in the torch, through a water-cooled cable. 
The wire guide tube, in turn, transmits current 
to the electrode wire which is in direct contact 
with the guide tube. It is well to bear in mind that 
the entire length of electrode wire, including the 
coil, is also energized from this contact. 

Hold the torch close to, but not touching, the 
work. Lower your welding helmet. Then move the 
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Figure 9-27.-Method of holding torch for 
semiautomatic shielded inert -gas 
metal arc welding. 
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torch toward the work, touching the welding wire 
to the work with a sidewise scratching motion 
like that shown in part A of figure 9-28. To pre- 
vent sticking, it is necessary to pull the torch 
back quickly about 1/2 inch the instant contact is 
made between the electrode and the work piece. 
As soon as the arc is established, a series of re- 
lays operate to start the wire drive motor, thus 
causing welding wire to begin feeding. Feeding 
will continue as long as the arc is maintained. 
To break the arc, withdraw the torch or press the 
trigger. Breaking the arc by either of these 
methods stops the wire feed. However, inert gas 
and welding current flow do not stop until the 
trigger is pressed. For these reasons, the 
trigger should be used to break the arc. If the 
electrode sticks to the plate when striking the 
arc, or at any other time, press the trigger to 
deenergize the welding circuit. Then clip the wire 
with a pair of pliers. 

A properly established arc has a soft, 
sizzling sound. The arc itself is about 1/4 inch 
long, or about one-half the length of the distance 
between the end of the torch nozzle and the sur- 
face of the work. Adjustment of the potentiometer 
on the remote control box is required when the 
arc does not sound right. For example, a loud, 
crackling sound indicates that the arc is too short 
and that wire feed speed is too fast. Correct this 
condition by moving the potentiometer dial 
slightly counterclockwise. This decreases wire- 
feed speed and increases arc length. Youcanget 
the feel of proper arc conditions and wire-feed 
speed by moving the potentiometer dial slightly 
in both directions while the arc is established. 
A clockwise movement increases wire-feed 



speed and decreases arc length. A counter- 
clockwise movement of the potentiometer has 
the opposite effect. 

Welding may be accomplished by either a 
forehand or a backhand technique. In either case, 
the torch should be held straight up and down or 
at an angle of not more than 5° from the verti- 
cal position, as shown in part B of figure 9-28. 
This torch position provides the best coverage 
of shielding gas. For a right-handed person, 
welding from right to left is a forehand tech- 
nique, while welding from left to right is a 
backhand technique. With the forehand technique, 
the right-handed individual has a better view of 
the joint being welded. However, it is not as 
comfortable as the backhand technique since the 
operator's hand is over the completed weld. With 
the backhand technique, the operator's hand is 
over cool unwelded portions of the work. The 
backhand technique provides a good view of the 
deposited weld. Left-handed persons hold the 
torch in the same position relative to the sur- 
face of the base metal and the direction of weld- 
ing. For a left-handed person, however, a fore- 
hand pass is made by welding from left to right, 
and a backhand pass is made from right to left. 

After you have gained some skill in striking 
and establishing an arc and in adjusting the re- 
mote control potentiometer to obtain the proper 
arc characteristics, you should learn to run a 
bead. To run a practice bead, adjust the equip- 
ment and proceed as follows: 

L Hold the torch in the proper position, 
away from the surface of the work, and press 
the trigger. 
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Figure 9-28.-Semiautomatic shielded inert-gas metal arc welding. (A) Striking the arc. 

(B) Torch angle. 
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2. Lower your welding helmet and strike 
the arc. 

3. Hold the torch at the starting point until 
a puddle forms. 

4. As soon as you see a puddle, move the 
torch forward steadily at a rate that permits the 
work and the electrode to melt at the same time. 
Keep the arc in the pool of weld metal. Do not 
direct it into the base metal. A thin, irregular 
bead will result if you move forward too rapidly. 
Undercutting may result if you move the torch 
forward too slowly. A good bead is uniform in 
width and height, the ripple is uniform, and there 
is no overlap or undercut at the edges. 

Instead of moving the torch along the line of 
weld with a steady forward motion, some oper- 
ators prefer to run a bead with a reciprocating 
technique like that shown in figure 9-29. With 
this technique, strike the arc and then slowly 
move the torch forward along the line of weld 
about 1/2 inch and then back about 1/4 inch. 
Continue this 1/2 -inch forward and 1/4-inch 
backward motion along the line of weld. If a 
wide bead is desired, use a side weave. Here, 
the torch is moved uniformly back and forth 
across the line of weld while steadily moving 
along the line of weld. The width of the bead de- 
sired determines the amount of sidewise move- 
ment. 

Although shielded inert- gas metal- arc 
welding does not require the use of a flux, it 
does require that the base metal be clean. 
Aluminum and aluminum alloys should be cleaned 
with an approved compound or with a rotary 
stainless steel wire brush. If grease is present, 
it should be removed with a solvent prior to 
cleaning with a compound. Rotary stainless steel 
wire brushes which pick up grease should be 
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Figure 9 -29. -Reciprocating technique for 
semiautomatic shielded inert -gas 
metal arc welding. 



cleaned with a solvent before they are used to 
clean aluminum surfaces for welding. 

While the shielded inert-gas metal arc 
process can be employed to weld in all positions, 
whenever possible all welding should be done in 
the flat position. In general, edge preparation is 
similar to that required for other processes. 
Material from 1/8 to 1/4 inch thick may be 
welded without beveling the edges if welding can 
be performed from both sides. When welding can 
be accomplished from one side only, material 
from 1/8 to 1 inch thick requires a 30° beveled 
edge (60° included angle) with a 1/16- inch to 
1 /8-inch root face. Welding from both sides is 
desirable for heavier thicknesses of material. 

Single- pass welds are employed for welding 
material up to 1/4 inch; beyond this thickness, 
multiple passes are required. For example, use 
three passes for a plate thickness of 3/8 inch. 
Restrict layer thickness to a maximum of 3/16 
inch for multipass welds. A straight progres- 
sion string bead technique is recommended for 
all welds in aluminum. Let the work cool to a 
maximum interpass temperature of 100° F at 
the completion of each pass. Before beginning 
the next pass, clean the deposit with a stainless 
steel wire brush. 

The technique for making a fillet weld dif- 
fers somewhat from that used to run a bead or to 
make a groove weld. Figure 9-30 illustrates the 
position of the torch relative to the members of 
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Figure 9-30.-Torch position for making fillet 
weld with semiautomatic shielded 
inert -gas metal arc welding 
equipment. 
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a T- joint and the line of weld. In this type of 
joint there is a tendency for the vertical plate to 
melt first. To overcome this tendency, and to 
prevent undercutting at the upper edges of the 
weld, direct the torch more to the lower plate. 
Hold the torch at an angle of 35° to the horizontal 
plate and 90° to 95° from the line of weld. Layer 
thickness of a single-pass fillet weld should not 
exceed 5/16 inch. Fillet welds in the vertical 
position, like groove welds, are usually started 
at the bottom of the joint. Weld upward at a 
steady rate and be sure to get good penetration 
and shielding gas coverage. On multipass welds 
in any position, be sure to get good penetration 
at the root of the joint. 

Figure 9-31 illustrates the technique used to 
build up a pad by weldingwith shielded inert-gas 
metal arc welding equipment. The procedure is 
similar to running a bead, as previously de- 
scribed, except that an outside source of filler 
metal is added to the molten pool, in addition to 
that supplied by the consumable electrode. Hold 
the torch in the usual manner at the appropriate 
angle. Move the torch forward with sidewise 
weaving motion along the line of weld. At the 
same time feedthe endof the welding rod into the 
puddle, melting both the rod and the base metal 
with the arc. Hold the welding rod at an angle of 
about 45° to the surface of the base metal 
along the line of weld. Weave the rod in the same 
direction as the torch. Keep the weave uniform. 
An uneven weave results in poor fusion. The 
width of the pad desired determines the number 
of passes. The height of the pad desired deter- 
mines the number of layers necessary. After 
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Figure 9 -31. -Making a built-up weld by 
semiautomatic shielded inert-gas 
metal arc welding. 



each pass, clean the area with a stainless steel 
wire brush. Interpass temperatures must not ex- 
ceed 100° F. 

Once you get the feel of welding with shielded 
inert -gas metal are welding equipment, you will 
probably find that the techniques are less difficult 
to master than many of the other welding proce- 
dures. There are some pitfalls, however. Porous 
welds may result from the following causes: 

1. Low arc voltage (less than 26 volts). 

2. Low welding current. 

3. Inadequate shielding gas flow resulting 
from a low cylinder pressure, from restrictions 
in the gas passages of the equipment, or from 
improper adjustment of the flowmeter. 

4. Excessive weaving or whipping of the 
torch. 

5. Poor fitup of parts. 

6. Improperly cleaned base metal, or dirty 
welding wire. 

7. Nonuniform wire feed speed. 

Satisfactory results also depend on good 
maintenance of the equipment. Maintenance pro- 
cedures are outlined in the manufacturer's tech- 
nical manual furnished with the equipment. In 
general, maintenance procedures include keep- 
ing all connections tight, keeping hose in good 
condition, and ensuring that the inside of the torch 
nozzle is free of spatter. Spatter can be removed 
with a reamer or a file. When cleaning a nozzle, 
do not let metal particles drop back into the 
guide tube or sleeve. The adherence of spatter 
to the inside of the nozzle can be minimized by 
coating the inside of the nozzle with an anti- 
spatter compound. If you have occasion to use 
shielded inert -gas metal arc welding equipment 
in a location where freezing is a possibility, all 
water must be drained from the cooling water 
system when the equipment is not in use. 

OTHER ELECTRIC WELDING PROCESSES 

In addition to the manual shielded metal arc 
process and the two shielded inert-gas processes 
already described in this chapter, there are 
several other electric welding processes that you 
should know about. These include stud welding, 
submerged arc welding, and resistancewelding. 
Each of these processes is summarized briefly 
in the following sections. 
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STUD WELDING 



Stud welding is a relatively simple electric 
arc welding process that is used to end-weld 
studs to plate or other pieces. Although first 
developed as a way of fastening wooden decking 
to steel plates, stud welding has become widely 
used for a variety of other applications. 

The equipment required for stud welding in- 
cludes (1) a stud welding gun, (2) a timing device 
to control the time of current flow, (3) a source 
of direct current for welding, and (4) a supply 
of specially designed metal studs and ferrules. 
A typical portable stud welding gun is shown 



in figure 9-32. Figure 9-33 shows the connec- 
tions between the various units in the system. 

The heat necessary for coalescence is pro- 
duced by an electric arc that is drawn between 
the metal stud (held in the gun) and the other 
work part. When the stud and the other piece 
have reached the required temperature, they 
are brought together under slight pressure from 
a spring in the gun. The process requires rela- 
tively little skill, since many factors are con- 
trolled automatically. When you press the trigger 
of the gun, the arc is established and controlled, 
the welding time is controlled, and the stud is 
plunged against the plate at the proper time and 
is held in place until the weld is completed. 




Figure 9-32.-Stud welding gun. 
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Figure 9-33. -Connection diagram for stud 
welding. 

SUBMERGED ARC WELDING 

Submerged arc welding is a semiautomatic 
or machine process in which the heat necessary 
for coalescence is produced by an electric arc 
between a bare or lightly coated metal electrode 
and the work, while the electrode tip, the local 
joint area of the work being welded, and the arc 
are completely covered by a protective layer 
of granular, fusible material. Filler metal to 
complete the joint is obtained from the metal 
electrode, which is usually fed continuously into 
the head of the equipment from a reel. The 
granular protective material is supplied by a 
hopper connected to a tube in such a way that 
the material is deposited directly ahead of the 
welding zone. This method of welding uses very 
high amperages and welds at high speed. Since 
the entire process occurs beneath the granular 
protective material, without an open, visible, 
arc, there are no sparks, smoke, spatter, or 
flash. It does not take a qualified welder to use 
this machine. Anyone who understands its op- 
eration can do a rapid, efficient job of welding. 
If you have this equipment available, study the 
instruction manual for operating details, in- 
cluding welding current adjustments and elec- 
trode wire sizes for various applications. 

Figure 9-34 shows a butt joint being welded 
with the submerged arc process. After the equip- 
ment has been set up and the arc started, the heat 
produced melts the granulated material immedi- 
ately surrounding the electrode, forming a 
subsurface pool which is kept fluid by the con- 
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Figure 9-34.-Submerged arc welding. 

tinuous flow of welding current. The base metal 
under the pool and the tip of the electrode be- 
come molten, with the filler metal being de- 
posited onto the work. The deposited filler metal 
displaces the fluid flux (granulated material) 
forming the weld. As progress is made along the 
joint, the molten filler metal and the fluid flux 
floating on top of the molten filler metal solidify 
under a protective layer of unmelted granulated 
material. The solidified flux forms a brittle slag 
covering over the weld. Both the slag and the un- 
fused granulated material are easily removed 
from the weld. A copper backing plate and mov- 
able flux retaining plates are often used in sub- 
merged arc welding. 

The granulated material acts as an insulator 
as well as a flux and in some cases alloying 
elements are included in its composition. As a 
flux, the material ensures a clean, sound weld. 
As an insulator it concentrates the heat in a 
small welding zone where the melted base metal 
and the filler metal are thoroughly fused. Since 
the rapidly generated heat is confined to a 
small area, the entire cross section of the weld is 
molten at one time, thereby making a better 
weld. Little distortion or contractional stress 
occurs in a weld of this type. 

The submerged arc process can be used for a 
variety of materials. Butt welds, fillet welds, and 
plug welds can be made for both production and re- 
pair work. It can also be used for such jobs as the 
repair of steel castings, buildingup surfaces, and 
for the fabrication of ships and structural shapes. 
The process is used mostly for welding of flat 
surfaces in the flat position because of the large 
amount of molten metal present at all times. 
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RESISTANCE WELDING 

Of all the electric welding processes dis- 
cussed in this chapter, resistance welding is 
the only one that cannot be considered as an 
arc process. Electrodes are used in resistance 
welding, but they do not create an arc. Instead, 
the electrodes (there are usually two of them) 
are pressed against the work pieces. Current 
is applied, and the heat necessary for coal- 
escence is produced by the resistance of the 
workpieces to the flow of a low-voltage, high- 
amperage current. 

Among the processes included in the re- 
sistance welding group are spot welding, seam 
welding, and projection welding. The discussion 
here is confined to spot welding, since this is 
the only type of resistance welding that is 
commonly used on board ship. Figure 9-35 il- 
lustrates a type of spot welding machine that 
is commonly used on repair ships. The machine 
serves to (1) transform the available power 
supply to a suitable welding current; (2) apply 
pressure to the work; (3) transmit current to 
the work; and (4) control the intensity and the 
duration of both current and pressure. 

As may be seen in figure 9-35, the elec- 
trodes are held in arms (often called horns). 
The work is placed between the two electrodes, 
and the machine is adjusted for the control of 
current, pressure, and time. The electrode in 
the lower horn supports the work, provides back- 
ing as pressure is applied by the electrode in 
the upper horn, and completes the welding cir- 
cuit from the transformer that is located in the 
machine. 

A foot -pedal control permits the operator 
to start the welding sequence while using both 
hands to position the work between the elec- 
trodes. When the foot pedal is depressed, the 
upper electrode moves down into contact with 
and applies pressure to the work. At the instant 
the foot pedal is depressed, a preset, automatic 
timing device takes over. First, the timer pro- 
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Figure 9-35.-Spot welding machine. 



vides for SQUEEZE TIME during which pres- 
sure is built up in the pressure system and is 
applied to the work. Next, at the end of squeeze 
time, the timer provides WELD TIME which 
controls the duration of current flow. Finally, 
the timer provides HOLD TIME during which 
pressure is maintained on the electrodes after 
current flow stops. Hold time permits the weld 
nugget to cool and solidify under pressure. The 
weld that results depends on many factors, in- 
cluding current, pressure, and timing settings, 
the condition of the electrodes, and the surface 
condition of the work part. Each kind and thick- 
ness of material requires an individual setup. 
These adjustments are based on tables of resis- 
tance welding data furnished by the manu- 
facturer of the equipment. 
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OXY ACETYLENE WELDING 



Oxyacetylene welding is a nonpressure proc- 
ess in which coalescence is produced by heat 
from an oxyacetylene flame formed by the 
combustion of oxygen and acetylene. The two 
gases are mixed to correct proportions in a 
torch. The torch can be adjusted to give various 
types of flames. 

A properly made oxyacetylene weld is 
uniform in appearance, showing a uniform de- 
posit of weld metal. Complete fusion of the side 
walls is necessary in order to form a good 
joint. Some of the factors that must be con- 
sidered in making an oxyacetylene weld are edge 
preparation, spacing and alignment of the parts, 
temperature control (before, during, and after 
the welding process), size of the torch tip, size 
and type of the welding rod, flame adjustment, 
and rod and torch manipulation. In some cases, 
fluxes are required to remove oxide and slag 
from the molten metal and to protect the puddle 
from contact with the air. 

When sections of plate are to be joined by 
oxyacetylene welding, the edges of the plate at 
the joint are melted down uniformly by use of 
the torch. For welding light sheet metal, filler 
metal is not usually necessary; the edges of 
light sheet are flanged at the joint and melted 
so that they flow together to form one solid 
piece. In welding heavier sheets and plates, 
filler metals are required. The edges of the 
heavier plate are usually beveled to permit 
penetration to the base of the joint. Both the 
filler metal and the base metal are melted; as 
they solidify, they form one continuous piece. 

OXYACETYLENE EQUIPMENT 



two regulators, two lengths of hose with fittings, 
a welding torch with tips, and either a cutting 
attachment or a separate cutting torch. Ac- 
cessories include a spark lighter to light the 
torch; an apparatus wrench to fit the various 
connections on regulators, cylinders, and 
torches; goggles with filter lenses, for eye pro- 
tection; and gloves for protection of the hands. 
Flame-resistant clothing is worn when neces- 
sary. The major components of a typical port- 
able oxyacetylene outfit are shown in figure 10-1. 
Figure 10-2 illustrates a stationary acetylene 
cylinder bank of a type used at some activities. 
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Oxyacetylene welding equipment consists 
of a cylinder of acetylene, a cylinder of oxygen, 
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Figure lO-l.-Portable oxyacetylene outfit. 
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Figure 10- 2. —Stationary acetylene 
cylinder bank. 

Acetylene 

Acetylene (chemical formula, H^) is a 
fuel gas made up of carbon and hydrogen. When 
burned with oxygen, acetylene produces a very 
hot flame having a temperature between 5700°F 
and 6300° F. Acetylene gas is colorless, but 
has a distinct, easily recognized odor. 

Some shore repair activities and certain 
large repair ships have facilities for generating 
acetylene. As a rule, however, the acetylene used 
on board ship is taken from compressed gas 
cylinders. The acetylene is dissolved in liquid 
acetone. The cylinder is filled with balsa wood, 
charcoal, finely shredded asbestos, corn pith, 
Portland cement, or infusorial earth (an ab- 
sorbent material composed of decayed organic 
matter). These porous filler materials are used 
to decrease the size of the open spaces in the 
cylinder and thus reduce the danger of explosion. 
At certain pressures, pure acetylene can be 
exploded by nothing more than a slight shock; 
dissolved in acetone, however, and stored in 
cylinders that are filled with porous material, 
acetylene can be compressed into cylinders at 
pressures up to 250 psi. An acetylene cylinder 
is shown in figure 10-3. 

OXYGEN 

Oxygen is a colorless, tasteless, odorless 
gas which is slightly heavier than air. Oxygen 
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Figure 10-3.-Acetylene cylinder. 

will not burn by itself but it will support com- 
bustion when combined with other gases. Ex- 
treme care must be taken to ensure that com- 
pressed oxygen does not become contaminated 
with hydrogen or hydrocarbon gases or liquids, 
unless the oxygen is controlledby such means as 
the mixing chamber of a torch. A highly explo- 
sive mixture will be formed if uncontrolled 
compressed oxygen becomes contaminated. Oxy- 
gen should NEVER come in contact with oil or 
grease. 

Oxygen cylinders are supplied in several 
sizes. The size most commonly used aboard 
ship is 9 1/8 inches in diameter, weighs about 
145 pounds, and has a capacity of 200 cubic 
feet. At 70°F, the gas is under a pressure of 
1800 psi. 

REGULATORS 

The gas pressure in a cylinder must be 
reduced to a suitable working pressure before 
it can be used. This pressure reduction is 
accomplished by a REGULATOR or reducing 
valve. Regulators which control the flow of 
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gas from the cylinder are either of the single- 
stage or the double -stage type. Single-stage 
regulators reduce the pressure of the gas in 
one step; two -stage regulators do the same 
job in two steps or stages. Less adjustment is 
generally necessary when two-stage regulators 
are used. 

Figure 10-4 shows a typical single-stage 
regulator. The regulator mechanism consists 
of a nozzle through which the high pressure 
gases pass, a valve seat to close off the nozzle, 
a diaphragm, and balancing springs. These are 
all enclosed in a suitable housing. Pressure 
gages are provided to indicate the pressure 
in the cylinder or pipeline (inlet), as well as 
the working pressure (outlet). The inlet pres- 
sure gage, used to record cylinder pressures, 
is a highpressure gage; the outlet pressure gage, 
used to record working pressures, is a low 
pressure gage. Acetylene regulators and oxygen 
regulators are of the same general type, al- 
though those designed for acetylene are not 
made to withstand such high pressures as are 
those designed for use with oxygen cylinders. 

In the oxygen regulator, the oxygen enters 
the regulator through the high pressure inlet 
connection and passes through a glass wool 
filter that removes dust and dirt. Turning the 
adjusting screw in allows the oxygen to pass 
from the high-pressure chamber to the low 
pressure chamber of the regulator, through 
the regulator outlet, and through the hose to 
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Figure 10-4.-Single-stage regulator. 



the torch. Turning the adjusting screw to the 
right INCREASES the work pressure; turning 
it to the left DECREASES the working pressure. 
The high pressure gage is graduated in pounds 
per square inch from 0 to 3000 and in cubic feet 
from 0 to 110 or 0 to 220. This permits reading 
of the gage to determine cylinder pressure and 
cubic content. The gages are graduated to read 
correctly at 70°F. The working pressure gage is 
graduated in pounds per square inch from 0 to 
50, from 0 to 100, from 0 to 200, or from 0 to 
400, depending upon the purpose for which the 
regulator is designed. For example, on regula- 
tors designed for heavy cutting, the working 
pressure gage is graduated in pounds per 
square inch from 0 to 400. 

The two-stage regulator is similar in 
principle to the one-stage regulator, the chief 
difference being that the total pressure drop 
takes place in two steps instead of one. In the 
high pressure stage, the cylinder pressure is 
reduced to an intermediate pressure. In the 
low pressure stage, the pressure is reduced 
from the intermediate pressure to a working 
pressure. A two-stage regulator is shown in 
figure 10-5. 

WELDING TORCHES 

The oxyacetylene welding torch is used to 
mix oxygen and acetylene gas in the proper 
proportions and to control the volume of these 
gases burned at the welding tip. Torches have 
two needle valves, one for adjusting the flow of 
oxygen and the other for adjusting the flow of 
acetylene. In addition, they have a handle (body), 
two tubes (one for oxygen and one for acetylene), 
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Figure 10-5. -Two-stage regulator. 
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a mixing head, and a tip. Welding tips are made 
from a special copper alloy (less than 60 per- 
cent copper) and are available in different 
sizes to handle a wide range of plate thicknesses. 

There are two types of welding torches: 
the low pressure type and the medium pressure 
type. In the low pressure type, the acetylene 
pressure is 1 psi or less. A jet of high pres- 
sure oxygen is necessary to produce a suction 
effect which draws in the required amount of 
acetylene. This is accomplished by the design 
of the mixer in the torch, which operates on the 
injector principle. The welding tips may or may 
not have separate injectors designed into the 
tip. A typical mixing head for the low pressure or 
injector type of torch is shown in figure 10-6. 

In the medium pressure torches, the acety- 
lene is burned at pressures from 1 to 15 pounds 
per square inch. These torches are made to 
operate at equal pressures for acetylene and 
oxygen. They are sometimes called equal pres- 
sure or balanced pressure torches. The medium 
pressure torch is easier to adjust than the low 
pressure torch and, because equal pressures are 
used, you are less likely to get a flashback. This 
means that the flame is less likely to catch in 



or back of the mixing chamber. A typical equal 
pressure torch is shown in figure 10-7. 

Welding TIPS AND MIXERS made by dif- 
ferent manufacturers differ in design. Some 
makes of torches are provided with an indivi- 
dual mixing head or mixer for each size of tip. 
Other makes have only one mixer for several 
tip sizes. Tips come in various types. Some are 
one-piece, hard copper tips. Others are two- 
piece tips that include an extension tube to make 
connection between the tip and the mixing head. 
When used with an extension tube, removable 
tips are made of hard copper, brass, or bronze. 
Tip sizes are designated by numbers, and each 
manufacturer has his own arrangement for 
classifying them. Tips have different hole diam- 
eters. 

No matter what type or size tip you select, 
the tip must be kept clean. Quite often the orifice 
becomes clogged with slag. When this happens 
the flame will not burn properly. Inspect the tip 
before you use it. If the passage is obstructed, 
you can clear it with wire tip cleaners of the prop- 
er diameter, or with soft copper wire. Tips 
should not be cleaned with machinists' drills 
or other hard, sharp instruments. These devices 
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Figure 10-6. -Mixing head for low pressure torch. 
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Figure 10-7. -Equal pressure welding torch. 



may enlarge or scratch the tip opening and 
greatly reduce the efficiency of the torch tip. 

HOSE 

Hose used to make the connection between 
the torch and the regulators is strong, nonporous, 
and sufficiently flexible and light to make torch 
movements easy. It is made to withstand high 
internal pressures, and the rubber used in its 
manufacture is specially treated to remove sul- 
fur to avoid the danger of spontaneous combus- 
tion. Welding hose is available in various sizes, 
depending upon the size of work, for which it is 
intended. Hose used for light work is 3/16 or 
1/4 inch in diameter, and it has one or two plies 
of fabric. For heavy duty welding and cutting 
operations, hose with an inside diameter of 
1/4 or 5/16 inch and 3 to 5 plies of fabric is 
used. Single hose comes in lengths of 12 1/2 
feet to 25 feet. Some manufacturers make a 
double hose which conforms to the same gen- 
eral specifications. The hoses used for acety- 
lene and oxygen are the same in grade but they 
differ in color and have different type of threads 
on the hose fittings. The oxygen hose is GREEN 
and the acetylene hose is RED. The oxygen hose 



has right hand threads and the acetylene hose 
has left hand threads for added protection against 
mixing the hose up during connection. 

WELDING RODS 

The term welding rod refers to a filler 
metal, in wire or rod form, used in gas welding 
and brazing processes and in certain electric 
welding processes in which the filler metal is 
not a part of the electric circuit. A welding rod 
serves only one purpose: it supplies filler metal 
to the joint. 

As a rule, rods are uncoated except for a 
thin film resulting from the manufacturing proc- 
ess. Welding rods for steel are often copper 
coated to protect them from corrosion during 
storage. Most rods are furnished in 36-inch 
lengths and a wide variety of diameters, rang- 
ing from 1/32 to 3/8 inch. Rods for welding 
cast iron vary from 12 to 24 inches in length 
and are frequently square rather than round in 
cross section. The rod diameter selected for 
a given job is governed by the thickness of the 
metals being joined. 

Except for rod diameter, the welding rod 
selected is determined by specification on the 
basis of the metals being joined. These speci- 
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fications may be Federal, Military, or Navy 
specifications. This means that they apply to 
all Federal agencies, the Military Establish- 
ment, or the Navy, respectively. Filler metals 
are presently covered by one or more of these 
three types of specifications. Eventually, all 
Navy specifications will be rewritten as Mili- 
tary (MIL) specifications. For that reason, 
some of the specifications for welding mate- 
rials presented in this section may subse- 
quently be published as Military rather than 
Navy specifications. 

Many different types of rods are manu- 
factured for welding ferrous and nonferrous 
metals. In general, shipboard welding shops 
stock only a few basic types which are suit- 
able for use in all welding positions. These 
basic types are known as general purpose rods. 
One such general purpose rod that will be found 
in any Navy welding shop is a rod suitable for 
oxyacetylene welding of low carbon steel. Such 
a rod is class I, type A, as specified in 
MIL-R-908. The same specification covers 
welding rods (class II) for use on cast iron. 

Rods for gas welding on other common 
materials are covered by other specifications. 
As of the time of writing of this training manual, 
the following specifications apply: copper -base 
alloys, MIL-R- 19631; corrosion-resisting and 
heat-resisting steel, MIL-R-5031, class 5; 
nickel-base alloys, including Monel, QQ-R-571; 
and nickel-chromium-iron alloys, MIL-N-6710. 
Chromium-cobalt rods for hard-surfacing with 
the oxyacetylene flame (a special gas welding 
application) are covered by specification MIL- 
R-17131. 

SETTING UP THE EQUIPMENT 

The procedure for setting up oxyacetylene 
equipment is as follows: 

1. Secure the cylinders so that they cannot 
be upset. Remove the protecting caps. 

2. Crack the cylinder valves slightly to 
blow out any dirt that may be in the valves. 
Close the valves and wipe the connections with 
a clean cloth. 

3. Connect the acetylene pressure regu- 
lator to the acetylene cylinder and the oxygen 
pressure regulator to the oxygen cylinder. 



Using the wrench provided with the equipment, 
tighten the connecting nuts. 

4. Connect the red hose to the acetylene 
regulator and the green hose to the oxygen 
regulator. Tighten the connecting nuts enough to 
prevent leakage. 

5. Back off on the regulator screws, and 
then open the cylinder valves slowly. Read the 
high pressure gage to check the pressure of 
each cylinder. (Open oxygen valves all the way 
as they have back seating valves and may leak 
around the valve stem. Open acetylene valve 
1/4 to 1/2 turn; NEVER exceed 1 1/2 turns.) 

6. Blow out the OXYGEN hose by turning 
the regulator screw in and then back out again. 
If it is necessary to blow out the acetylene 
hose, do it ONLY in a well ventilated place 
that is free from sparks, flames, or other 
possible sources of ignition. 

7. Connect the hoses to the torch. Connect 
the red acetylene hose to the connection gland 
that has the needle valve marked AC or ACET. 
Connect the green oxygen hose to the connec- 
tion gland that has the needle valve marked 
OX. Test all hose connections for leaks by 
turning both regulator screws IN, while the 
needle valves are closed. Then turn the regu- 
lator screws OUT and drain the hose by opening 
the needle valves. 

8. Adjust the tip. Screw the tip into the 
mixing head and assemble in the torch body. 
Tighten by hand and adjust to the proper angle. 
Secure this adjustment by tightening with the 
wrench provided with the torch. 

9. Adjust the working pressures. The acet- 
ylene pressure is adjusted by opening the acet- 
ylene torch needle valve and turning the regu- 
lator screw to the right. Adjust the acetylene 
regulator to the required working pressure for 
the particular tip size. (Acetylene pressure 
should NEVER exceed 15 psig.) 

10. Light and adjust the welding flame. 
Open the acetylene needle valve on the torch 
and light the acetylene with a spark lighter. 
Keep your hand out of the way. Adjust the 
acetylene valve until the flame just leaves the 
tip face. Open and adjust the oxygen valve until 
you get the proper neutral flame. Notice that 
the pure acetylene flame which just leaves the 
tip face is drawn back to the tip face when the 
oxygen is turned on. 
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ADJUSTING THE FLAME 

A pure acetylene flame is long and bushy 
and has a yellowish color, as shown in figure 
10-8. It is burned by the oxygen in the air, 
which is not sufficient to burn the acetylene 
completely; therefore the flame is smoky, 
producing a soot of fine, unburned carbon. The 
pure acetylene flame is unsuitable for welding. 
When the oxygen valve is opened, the mixed 
gases burn in contact with the tip face. The 
flame changes to a bluish-white color and 
forms a bright inner cone surrounded by an 
outer flame envelope. The inner cone develops 
the high temperature required for welding. 

There are three types of flame commonly 
used for welding. These are neutral, reducing 
or carburizing, and oxidizing flames (see fig. 
10-8). The NEUTRAL flame is produced by 
burning one part of oxygen to one part of 
acetylene. Together with the oxygen in the air, 
it produces complete combustion of the acet- 
ylene. The luminous white cone is well defined 
and there is no greenish tinge of acetylene at 
its tip, nor is there an excess of oxygen. The 
welding flame should always be adjusted to 
neutral before either the oxidizing or carbu- 
rizing flame mixture is set. A neutral flame is 
obtained by gradually opening the oxygen valve 
to shorten the acetylene flame until a clearly 
defined inner luminous cone is visible. This is 
the correct flame to use for many metals. It 
is used for most welding and for the preheating 
flames during cutting operations. The temper- 
ature at the tip of the inner cone is about 5900° F, 
while at the extreme end of the outer cone it is 
only about 2300° F. This gives you a chance to ex- 
ercise some temperature control by moving the 
torch closer to or farther from the work. When 
steel is welded with this flame, the puddle of 
molten metal is quiet and clear, and the metal 
flows without boiling, foaming, or sparking. 

The REDUCING (or CARBURIZING) FLAME 
is produced by burning an excess of acetylene. 
You will be able to recognize it by the feather 
at the tip of the inner cone. At the end of the 
inner cone, this feathery tip has a greenish 
color. The degree of carburization can be 
judged from the length of the feather. For 
most welding operations, the length of the 
feather should be about twice the length of the 



inner cone. You can always recognize the 
carburizing flame by its three distinct colors. 
These are the bluish-white inner cone, a white 
intermediate cone, and the light-blue outer 
flame. The carburizing flame burns with a tem- 
perature of about 5700°F at the tip of the inner 
cone. When it is used for welding steel, the 
metal boils and is not clear. A carburizing 
flame is best for welding high carbon steels, 
for hard-surfacing, and for welding nonferrous 
alloys such as monel. 

The OXIDIZING FLAME is produced by 
burning an excess of oxygen. The oxidizing 
flame burns with a temperature of about 6300°F 
at the tip of the inner cone. You can identify 
this flame by the short outer flame and the 
small white, inner cone. It takes about two 
parts of oxygen to one part of acetylene to pro- 
duce this flame, and you will find that the ad- 
justment for the oxidizing flame is a bit more 
difficult to make than the adjustment for other 
flames. To adjust for the oxidizing flame, first 
adjust to a neutral flame and then open the 
oxygen valve until the inner cone is about one- 
tenth of its original length. An oxidizing flame 
makes a hissing sound, and the inner cone is 
somewhat pointed and purplish in color at the 
tip. The oxidizing flame has a limited use and 
is harmful to many metals. When it is applied to 
steel, the oxidizing flame causes the molten metal 
to foam and give off sparks. This means that the 
extra amount of oxygen is combining with the 
steel, causing the metal to burn. However, the 
oxidizing flame does have its uses. A slightly 
oxidizing flame is used to torch braze steel and 
cast iron, and a stronger oxidizing flame is used 
for fusion welding of brass and bronze. You will 
have to determine the amount of excess oxygen to 
use in this type of flame adjustment by watching 
the molten metal. 

EXTINGUISHING THE FLAME 

To extinguish the oxyacetylene flame and 
to secure equipment after completing a job, or 
when work is to be interrupted temporarily, the 
following steps should be taken: 

1. Close the acetylene needle valve first, 
then close the oxygen needle valve. This ex- 
tinguishes the flame. 
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Figure 10-8.— Characteristics of oxyacetylene flame. 
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2. Close both oxygen and acetylene cyl- 
inder valves. Leave the oxygen and acetylene 
regulators open temporarily. 

3. Open the acetylene needle valve on the 
torch and allow gas in the hose to escape for 
5 to 15 seconds. Do not allow gas to escape into 
a small or closed compartment. Close the 
acetylene needle valve. 

4. Open the oxygen needle valve on the 
torch. Allow gas in the hose to escape for 5 to 
15 seconds. Close the valve. 

5. Close both oxygen and acetylene cyl- 
inder regulators by backing out the adjusting 
screws until they are loose. 

The foregoing procedure should be fol- 
lowed whenever work is interrupted for an in- 
definite period. If work is to stop for only a 
few minutes, securing cylinder valves and 
draining the hose is not necessary. However, 
for any indefinite work stoppage, the entire 
extinguishing and securing procedure should be 
followed. For overnight work stoppage in areas 
other than the shop, it is a good idea to remove 
pressure regulators and torch from the system 
and to double check the cylinder valves to make 
sure that they are closed securely. 

SAFETY PRECAUTIONS 

Whether you are welding, torch brazing, 
flame cutting, or heating with oxyacetylene 
equipment, certain precautions must be ob- 
served to protect personnel and the structure 
from injury by fire or explosion. The precautions 
which follow apply specifically to oxyacetylene 
work and supplement the general precautions 
outlined in chapter 8. 

L OIL AND GREASE: Avoid the use of 
lubricants in any form (oil or grease) on oxyacet- 
ylene equipment. Oil or grease in the presence 
of oxygen under pressure will ignite violently. 
Consequently, oxygen must not be permitted to 
come in contact with these materials in any way. 
Do not handle cylinders, valves, regulators, 
hose, or any other apparatus which uses oxygen 
under pressure with oily hands or gloves. Do 
not permit a jet of oxygen to strike an oily 
surface or oily clothes. 

2. LIGHTING TORCHES - Use friction light- 
ers, stationary pilot flames, or some other 



suitable source of ignition. The use of matches 
may cause serious hand burns. Do not light a torch 
from hot metal, especially in a confined space. 
When lighting the torch, open the acetylene valve 
first and ignite the gas with the oxygen valve 
closed. Do not allow unburned acetylene to es- 
cape into a small or closed compartment. 

3. CYLINDERS: Never use acetylene from 
cylinders without reducing the pressure through 
a suitable pressure reducing regulator. Acety- 
lene working pressures in excess of 15 pounds 
per square inch must be avoided. Oxygen cylinder 
pressure must likewise be reduced to a suitable 
low working pressure; high pressure may burst 
the hose. 

4. WORK SPACE: Do not weld or cut ma- 
terial without first making certain that hot 
sparks or hot metal will not fall on the legs 
or feet of the operator, on the hose and cylinder, 
or on any flammable materials. Follow the pre- 
cautions indicated in chapter 8 pertaining to 
inspection and the posting of fire watches prior 
to welding or flame cutting. 

5. BACKFIRE AND FLASHBACK: Unless 
the system is thoroughly purged of air and all 
connections in the system are tight before the 
torch is ignited, the flame is likely to burn 
inside the torch instead of outside the tip. The 
difference between the two terms backfire and 
flashback is this: in a backfire, there is a 
momentary burning back of the flame into the 
torch tip; in a flashback, the flame burns in or 
beyond the torch mixing chamber. A backfire 
is characterized by a loud snap or pop as the 
flame goes out. A flashback is usually ac- 
companied by a hissing or squealing sound. 
At the same time, the flame at the tip becomes 
smoky and sharp pointed. When a flashback 
occurs, immediately shut off the torch oxygen 
valve, then close the acetylene valve. The oc- 
currence of a flashback indicates that something 
is radically wrong either with the torch or with 
the manner of handling it. A backfire is less 
serious. Usually the flame can be relighted 
without difficulty. If backfiring continues when- 
ever the torch is relighted, check for these 
causes: overheated tip, gas working pressures 
greater than that recommended for the tip 
size being used, loose tip, or dirt on the torch 
tip seat. These same difficulties may be the 
cause of a flashback, except that the difficulty 
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is present to a greater degree. For example, 
the torch head may be distorted or cracked. 

In most instances backfires and flashbacks 
result from carelessness. These difficulties 
can be avoided by making certain that: (1) all 
connections in the system are clean and tight; 

(2) torch valves are closed (not open or merely 
loosely closed) when the equipment is stowed; 

(3) the oxygen and acetylene working pres- 
sures used are those recommended for the 
torch employed; and (4) the system is purged 
of air before the apparatus is used. Purging 
the system of air is especially necessary when 
hose and torch have been newly connected or 
a new cylinder is incorporated into the system. 
Purging a system is accomplished as follows: 
Close torch valves tightly, then slowly open the 
cylinder valves. Next, open the regulator slightly. 
Open the torch acetylene valve and allow acet- 
ylene to escape for 5 to 15 seconds, depending on 
the length of the hose. Close the acetylene valve. 
Repeat the procedure on the oxygen side of the 
system. After purging air from the system, light 
the torch as described previously. 

OXY ACETYLENE WELDING TECHNIQUES 

Oxyacetylene welding may be accomplished 
by either the forehand or the backhand method. 
Each of these techniques has special advantages; 
you should be skillful with both. Whether atech- 
nique is considered to be forehand or backhand 
depends on the relative position of the torch and 
rod during welding, not upon the direction of 
welding. As far as direction is concerned, you 
can weld from left to right or in the opposite 
direction. The best method to use depends upon 
the type of joint, its position, and the necessity 
for controlling the heat on the parts to be 
welded. 

Forehand (also called PUDDLE WELDING 
or RIPPLE WELDING) is the oldest method of 
welding. The rod is kept ahead of the tip in the 
direction in which the weld is being made. Point 
the flame in the direction of the welding and hold 
the tip at an angle of about 45° to 60° to the 
plates (see fig. 10-9). This position of the flame 
preheats the edges you are welding just ahead of 
the molten puddle. By moving the tip and 
welding rod back and forth in opposite, semi- 
circular paths, you balance the heat to melt 
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Figure 10-9.— Forehand welding. 

the end of the rod and the side walls of the 
joint into a uniformly distributed molten puddle. 
As the flame passes the rod, it melts off a 
short length of the rod and adds it to the 
puddle. The motion of the torch distributes the 
molten metal evenly to both edges of the joint 
and to the molten puddle. This method is used 
in all positions for welding sheets and light 
plates up to 1/8 inch thick because it permits 
better control of a small puddle and results in 
a smoother weld. The forehand technique is not 
the best method for welding heavy plate. 

BACKHAND WELDING is a newer method 
of welding. In this method the torch tip pre- 
cedes the rod in the direction of welding, and 
the flame is pointed back at the molten puddle 
and the completed weld. The end of the rod is 
placed between the torch tip and the molten 
puddle, and the welding tip should make an 
angle of about 45° to 60° with the plates or joint 
being welded (see fig. 10-10). 

Less motion is required in the backhand 
method than in the forehand method. If you use 
a straight welding rod, it should be rotated so 
that the end will roll from side to side and 
melt off evenly. You may also bend the rod 
and, when welding, move the rod and torch 
back and forth at a rather rapid rate. If you 
are making a large weld, you should move the 
rod so as to make complete circles in the molten 
puddle. The torch is moved back and forth 
across the weld while it is advanced slowly and 
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Figure 10-10.— Backhand welding. 

uniformly in the direction of the welding. You'll 
find the backhand method best for welding ma- 
terial more than 1/8 inch thick. You can use a 
narrower V at the joint than is possible in fore- 
hand welding. An included angle of 60° is a suf- 
ficient angle of bevel to get a good joint. It 
doesn't take as much welding rod or puddling for 
the backhand method as it does for the forehand 
method. 

By using the backhand technique on heavier 
material, it is possible to obtain increased 
welding speeds, better control of the larger pud- 
dle, and more complete fusion at the root of 
the weld. Further, by using a reducing flame with 
the backhand technique, a smaller amount of 
base metal is melted while welding the joint. 
When welding steel with a backhand technique 
and a reducing flame, the absorption of carbon 
by a thin surface layer of metal reduces the 
melting point of the steel. This speeds up the 
welding operation. This technique is also used 
when surfacing with chromium -cobalt alloys. 

MULTILAYER WELDING is usedin welding 
thick plate and pipe in order to avoid carrying 
too large a puddle of molten metal, which is dif- 
ficult to control. Concentrate on getting a good 
weld at the bottom of the V in the first pass. Then 
in the next layers concentrate on getting good 
fusion with the sides of the V and the previous 
layer. The final layer is easily controlled to get 
a smooth surface. This method of welding has 



an added advantage in that it refines one layer 
as the succeeding layer is made. In effect, it 
heat treats the weld metal by allowing one layer 
to cool to a black heat before it is reheated. This 
improves the ductility of the weld metal. If this 
added quality is desired in the last layer, an 
additional or succeeding layer is deposited 
and then machined off. 

PRACTICE PROJECTS 

A great deal of practice is required to 
master the techniques of welding. A good way 
to acquire skill in oxyacetylene welding is to 
practice on scrap pieces of mild steel (sheet 
or plate). Try your hand at the various problems 
described in the following sections. 

Oxyacetylene welding may be done in any 
position. In the examples given here, we will 
start with the flat position, since this is usually 
the easiest, and go on to the more difficult 
positions. 

Before trying any of these projects, be 
sure that the equipment is set up properly and 
that all safety precautions are being observed. 
Until you have gained considerable skill in 
welding, your practice should be done under the 
supervision of an experienced welder. 

Running a Bead Without Filler 
(Flat Position) 

For this project, you are not welding two 
pieces together but are merely running a bead. 
Select a piece of plate about 2 inches by 4 
inches by 1/8 inch thick. Place the piece on two 
firebricks, as shown in figure 10-11. 

If you are right handed, start at the right 
and work to the left. If you are left handed, start 
at the left and work to the right. Hold the torch 
so that the tip forms a 45° angle with the plate 
along the line of weld. Direct the inner cone of 
the flame at a point near the right edge of the 
metal and hold it there until a molten puddle 
forms. Keep the tip of the cone from 1/16 to 
1/8 inch away from the surface of the molten 
metal. As soon as the puddle is formed, move 
the torch slowly forward with a slight weaving 
or oscillating motion, as indicated in figure 
10-11. Both the forward motion and the weaving 
motion must be uniform in order to produce a 
smooth, regular bead. 
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Figure 10-11.— Running a bead without 
filler (flat position). 

A good bead weld must be of uniform width 
at the weld face and must have a weld surface 
that is slightly below the surface of the base 
metal. The surface of the weld should be covered 
with a thin film of oxides. The speed with which 
the flame is carried along the plate should be 
regulated to obtain good fusion without burning 
through the metal. 

When you have developed skill in running a 
bead without filler on a piece of 1/8-inch mild 
steel, try the same thing on a piece of thinner 
stock. A bead without filler can be used to Join 
two pieces along an edge, in the maimer shown in 
figure 10-12. To do this, tack weld the ends 
by fusing them together; then start a puddle and 
run a bead along the edges. 

Running a Bead With Filler 
(Flat Position) 

The next step in learning to perform oxy- 
acetylene welding is to run a bead in the flat 
position, using filler metal. This Job is very 
similar to the first one, but requires manip- 
ulation of a welding rod as well as of the torch. 
The bead is built up by the filler metal, as shown 
in figure 10-13; it should be built up about 25 
percent, or an amount equal to one -fourth 
the thickness of the stock. 

Start the puddle in the usual way. As soon 
as the puddle is formed, dip the welding rod 
into the middle of the puddle. Oscillate both the 
rod and the torch. The rod should be moved 
in a direction OPPOSITE to the direction of 



FUSING TWO EDGES 
(NO FILLER ADDED) 




11.106 

Figure 10-12.— Bead weld without filler, used 
to join two pieces along an edge. 

movement of the flame. When the flame is on 
one side of the puddle, the rod should be on 
the other side. Stir the end of the rod in the 
puddle, not above it. Do not direct the flame 
at the end of the rod; the rod should be melted 
by the puddle, not by the flame. Direct the 
flame so that it preheats the weld area uni- 
formly. The direction of the flame is very im- 
portant from the point of view of obtaining good 
fusion and avoiding undercutting or overlapping. 

Making a Butt Joint 
(Flat Position) 

Butt welding in the flat posit ion is often used 
to join sheet metal. First tack the two pieces of 
sheet together, leaving a slight gap for a root 
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Figure 10-13.— Bead weld with filler 
(flat position). 
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opening. Be sure that the flame is correctly ad- 
justed to a neutral or slightly carburi zing flame. 
Let the tacks cool, and then start a puddle at one 
end. 

The position of the torch and of the welding 
rod must be just right in order to achieve the 
fusion and penetration required for a good weld 
of this type. Hold the welding tip at an angle 
of 45° to the base metal, as shown in figure 
10-14. Apply the flame at the root of the joint, 
first to one part of the joint and then to the 
other, until the side walls melt or break down 
to form a pool of molten metal that bridges the 
gap between the plates at the root. Add filler 
metal to the molten pool until the pool is suf- 
ficiently large. Carry the puddle forward by 
manipulating the torch with an oscillating motion. 
If you weave the torch and the rod correctly, 
you can carry along a molten puddle that will 
give complete penetration and also provide 
enough filler metal to reinforce the weld. It is 
important to avoid overheating the puddle; over- 
heating can actually burn the metal and thus 
greatly impair the strength of the finished 
weld. 

Making a Butt Joint 
(Vertical Position) 

When welding in the vertical position, you 
have the problem of keeping the molten metal 
from running down and accumulating at the bot- 
tom of the joint. To control the flow of molten 
metal, hold the flame below the welding rod. 
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Figure 10-14.— Welding a butt joint 
in the flat position. 



The flame should point upward at an angle of 
45 to the base metal. The gas pressure from 
the torch will support the molten metal and dis- 
tribute it evenly along the joint. Bending the 
welding rod to an angle of 90°, a short distance 
from the end, makes it easier to get the end of 
the rod into the puddle. Figure 10-15 illustrates 
the positions of the torch and the rod with re- 
spect to the base metal. 
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Figure 10-15.— Welding a butt joint 
in the vertical position. 



Making a Butt Joint 
(Overhead Position) 

When welding in the overhead position, you 
will have to overcome the tendency of the molten 
metal to drop down or to sag on the plate. Keeping 
the puddle small helps to control the molten 
metal. If the molten puddle gets too large, remove 
the flame for an instant to allow the metal to 
freeze; then resume the welding. 

Figure 10-16 illustrates the welding of a 
butt joint in the overhead position. Direct the 
flame so that it will melt both edges. Add enough 
filler to keep the puddle the right size and to 
provide some metal for reinforcement of the 
weld. Keep the flame in such a position that it 
will support the molten metal and distribute it 
along the joint. Use a small welding rod; this 
will help you to keep the puddle small. 

In many overhead welding jobs, it is pos- 
sible to weld from one side only. In such cases, 
particular care is required to make sure that 
the heat is evenly distributed, so that one plate 
will not be burned through. 
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Figure 10-16.— Welding a butt joint in 
the overhead position. 

Making a Corner Joint 

The corner joint is used to join the edges of 
two plates when the surfaces of the plates make a 
90° angle with each other. Figure 10-17 shows 
three designs that are commonly used for corner 
joints. The CLOSED corner joint (part A) is used 
on lighter sheets and plates where strength re- 
quirements for the joint are not too great. In 
making this joint, melt the overlapping edge with 
the torch and add only a small amount of filler 
metal. When using this joint design for heavier 
sections, V-bevel or U-groove the lapped plate 
to permit penetration to the root of the joint. 




11.111 

Figure 10-17.— Corner joints. A. Closed joint. 
B. Open joint, welded from one side. C. 
Open joint, welded from both sides. 



Part B of figure 10-17 shows an OPEN 
corner joint that is often used on heavy sheets 
and plates. To make this joint, melt down the 
edges of the plate and add enough filler to build 
up the corner from one side. Part C shows an 
open corner joint that is welded from both sides. 
First weld the joint from the outside, and then 
reinforce it from the inside with a seal bead 
weld. 

Making an Edge Joint 

Edge joints are used mainly to join the edges 
of sheet metal and to weld reinforcing plates on 
flanges of I-beams or edges of angles. Figure 
10-18 shows two common types of edge joints. 
The joint shown in part A is used for welding 
thin sheets; this joint requires no edge prepara- 
tion other than cleaning the edges and tacking 
them together. The joint shown in part B is 
used for heavier plate. To make this joint, 
bevel the edges to allow good penetration and 
fusion of the side walls. In making both of 
these joints, use enough filler metal to fuse 
both edges and to reinforce the joint. 

Making a Lap Joint 

Lap joints may be welded from one side or 
from two sides. They are stronger when welded 
from both sides, but even a lap joint that is 
welded from only one side is stronger than a 
butt joint in some applications. 

Making a Tee Joint 

A plain tee joint in thin material requires 
little preparation. For thicker plate, the edges 
should be prepared as shown in figure 10-19. 

GUIDE FOR OXYACETYLENE WELDING 
OF FERROUS METALS 

Low carbon steel, low alloy steel, cast 
steel, and wrought iron are easily welded by the 
oxyacetylene process. A flux is not necessary 
with these materials, since the oxides melt at 
a lower temperature than the base metal. It is 
essential to keep the molten puddle of metal 
enclosed by an envelope of flame at all times 
during the welding process; if the metal is 
permitted to come in contact with the air while 
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Figure 10-18.— Edge joints for 
sheet and plate. 



it is in a molten condition, it will oxidize rapidly. 
Care should be taken to prevent overheating the 
metal. Use a neutral or slightly reducing (car- 
burizing) flame; do NOT use an oxidizing flame. 
Manipulate the torch and the rod so that the tip 
of the oxy acetylene cone is about 1/16 to 1/8 
inch from the surface of the metal. Melt the end 
of the welding rod in the puddle, not with the 
flame. The welding of low carbon steels and 
cast steels presents no special problems other 
than the selection of the proper welding rod. 
Low alloy steels usually require preheating and 
postheating. 

As the carbon content increases, steels 
become more difficult to weld. Steels with a 
carbon content of 0.30 to 0.50 percent should 
be welded with a slightly reducing (carburizing) 
flame, and should be postheated to develop the 
best physical properties. 

High carbon steels and tool steels require 
somewhat special techniques if they are to be 
successfully welded. Slow preheating to about 
1000°F is required; the metal should be protected 
from drafts during the preheating. No flux is 
required. The welding should be completed as 
rapidly as possible with a carburizing flame. 
The rod and the torch should not be manipulated 
for the welding of high carbon steels and tool 
steels. Filler metal should be added in small 
amounts, just as it is needed. A smaller flame 
and a lower gas pressure should be used for 
these materials than for low carbon steel, since 
there is even more danger of overheating the 
high carbon steels and the tool steels. High 



1/32 TO 1/16 f 1/ 16 T0 3/32 



/ [ 



XZD L 



6 TO 
32 



A PLAIN TEE B SINGLE V TEE C DOUBLE V TEE 



Gh 

L-^J - 1/ 16 TO 1/8 
f 



r-i/i6 TO 1/8 

— 1 — 1 



D SINGLE U 



E DOUBLE U 



11.113 

Figure 10-19.— Edge preparation required for 
various types of tee joints. 

carbon steels and tool steels must be heat 
treated after welding. 

The procedure for oxyacetylene welding 
of wrought iron is the same as for low carbon 
steel. However, certain special considerations 
should be kept in mind. Wrought iron contains 
a slag that is incorporated in it during the manu- 
facturing process. This slag gives the surface 
of the molten puddle of weld metal a greasy ap- 
pearance. Do not confuse this greasy appearance 
with the appearance of actual fusion. Continue 
heading the metal until the side walls of the 
joint break down into the puddle. Best results 
with wrought iron are obtained when the filler 
metal (usually mild steel) and the base metal 
are mixed in the molten puddle with as little 
agitation as possible. 

Oxyacetylene welding of cast iron requires 
different procedures than those used for welding 
steels. Special edge preparation is usually re- 
quired. The entire weldment should be preheated 
to between 750° and 900° F before the welding is 
begun. The welding should be done with a neutral 
flame, by a backhand technique. Use a cast iron 
filler metal. Flux is required but should be used 
sparingly, as needed, to overcome temporary 
difficulties. The filler metal is added by directing 
the inner cone of the flame against the rod, rather 
than by dipping the tip of the rod into the puddle. 
The filler metal should be deposited in layers 
that are not more than 1/8 inch thick. The 
weldment must be stress relieved after welding; 
heat it to a temperature of between 1100° and 
1150° F and then cool it slowly. 

Oxyacetylene welding is successful with 
some chromium-nickel steels (stainless steels). 
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As a rule, oxy acetylene welding is used only for 
light sheet; heavier pieces of these steels are 
usually joined by one of the electric arc welding 
processes. On material 0.040 inch or less in 
thickness, a flange equal to the thickness of the 
metal is turned up and the weld is made without 
filler metal. Before being welded, the joint sur- 
faces of the metal should be cleaned with sand- 
paper or other abrasive and then coated with 
stainless steel flux. The torch tip used for 
welding stainless steel should be one or two 
sizes smaller than the tip used to weld mild 
steel of the same thickness. The torch should 
be adjusted to produce a carburizing flame that 
has an excess acetylene feather extending about 
1/16 inch beyond the tip of the inner cone, as 
seen through the goggles. The torch should be 
held so that the flame makes an angle of 80° with 
the surface of the sheet; the tip of the cone should 
almost but not quite touch the molten metal. 
Make the weld in one pass, using a forehand 
technique. Do not puddle or retrace the weld. 
Uniform speed is essential in welding stainless 
steels. If it is necessary to stop the welding be- 
fore it is completed, or if it is necessary to re- 
weld a section, wait until the entire weld has 
cooled before beginning to weld again. 

GUIDE FOR OXYACETYLENE WELDING 
OF NONFERROUS METALS 

Although brazing is used extensively to 
make joints in nonferrous metals, there are 
many situations in which oxyacetylene welding 
is suitable for this purpose. In general, joint de- 
signs are the same for nonferrous metals as for 
ferrous metals. Oxyacetylene welding of non- 
ferrous metals may require mechanical cleaning 
of the surfaces before welding and the use of a 
flux during welding. Filler metal must be suit- 
able for the base metal being welded. 

Where high joint strength is required, the 
only kind of copper that can be successfully 
welded by oxyacetylene welding is DEOXI- 
DIZED copper (copper that contains no oxygen). 
Either a neutral or a slightly oxidizing flame 
adjustment may be used. With a neutral flame, 
a flux is necessary; with an oxidizing flame, no 
flux is needed because the oxide formed on the 
surface protects the molten metal. Because of 
the high thermal conductivity of copper, it is 
necessary to preheat the joint area to between 



500° and 800° F and to use a large size torch 
tip for welding. The larger size tip supplies 
more heat to the joint and thus makes it pos- 
sible to maintain the required temperature at 
the joint. After welding has been completed, the 
part should be cooled slowly. 

Copper-zinc alloys (brasses) may be welded 
in the same way as deoxidized copper. How- 
ever, a silicon- copper rod is used for welding 
brasses. Preheat temperature is from 200° to 
300° F. 

Copper- silicon alloy (silicon bronze) re- 
quires a different oxyacetylene welding tech- 
nique. This material should be welded with a 
slightly oxidizing flame. A flux with a high boric 
acid content should be used. Add filler metal of 
the same composition as the base metal; as the 
weld progreses, dip the tip of the rod under the 
viscous film that covers the puddle. Keep the 
puddle small so that the weld will solidify 
rapidly. 

Oxyacetylene welding of copper-nickel al- 
loys requires surface preparation and preheat- 
ing. The flux used for this welding is in the 
form of a thin paste; it is applied by brush to all 
parts of the joint and to the welding rod. The 
torch should be adjusted to give a slightly car- 
burizing flame; the tip of the inner cone should 
just touch the base metal. Do not melt the base 
metal any more than is required to give good 
fusion. Keep the end of the welding rod within the 
protective envelope of the flame, adding the filler 
metal without agitating the molten puddle. Rim 
the weld from one end of the joint to the other 
without stopping. After welding is completed, 
cool the part slowly and then remove the re- 
maining traces of flux with warm water. 

Oxyacetylene welding of nickel and high 
nickel alloys is similar to that for copper - 
nickel alloys. Good mechanical cleaning of the 
joint surfaces is essential. Plain nickel is 
welded without a flux, but high nickel alloys re- 
quire a special boron-free and borax-free flux 
in the form of a thin paste. The flux is applied 
by brush to both sides of the seam, to the top 
and bottom, and to the welding rod. The torch 
should be adjusted to give a very slightly car- 
burizing flame; the tip selected should be the 
same size as (or one size larger than) for steel 
of the same thickness. Keep the tip of the cone 
in contact with the molten puddle, and keep the 
welding rod well within the protective envelope 
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of the flame at all times. After the weld is com- 
pleted, postheat the part and cool it slowly. 
Then remove the flux with warm water. 

Oxyacetylene welding of lead requires 
special tools and special techniques. No flux is 
used. The metal in the joint area must be very 
thoroughly cleaned before welding; this clean- 
ing is accomplished by shaving the joint surfaces 
with a scraper and then wire-brushing the metal 
to remove oxides and foreign matter. The lap 
joint is used for practically all oxyacetylene 
welding of lead, except that a square butt joint 
may be used when the welding is done in the flat 
position. When the lap joint is used, the edges 
should overlap each other from 1/2 inch to 2 
inches, depending upon the thickness of the lead. 

A special lightweight torch is used for the 
oxyacetylene welding of lead. The gas pressures 
range from 1 1/2 to 5 psi. A completely neutral 
flame must be used; the length of the flame 
should be somewhere between 1 1/2 to 4 inches, 



depending upon the gas pressures that are 
used. A soft, bushy flame is best for welding 
lead in the horizontal position and in the flat 
position; a more pointed flame gives better 
results in the vertical position and in the 
overhead position. 

For oxyacetylene welding of lead, the filler 
metal should be of the same composition as the 
base metal. The molten puddle is controlled and 
distributed by manipulating the torch so that the 
flame moves in a semicircular or V-shaped 
pattern. Each tiny segment of the weld is made 
separately, and the torch is flicked away at the 
completion of each semicircular or V-shaped 
movement. Joints are made in thin layers. 
Filler metal is not added on the first pass, but 
is added on subsequent passes. 

When welding lead or lead alloys, wear 
a respirator of a type approved for protec- 
tion against lead fumes. LEAD FUMES ARE 
POISONOUS. 
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WELDED JOINT DESIGN 



Five basic types of joints are used in welded 
structures: butt, edge, tee, corner, and lap. Al- 
though there are many variations, every joint you 
weld will be one of these five basic types. 

BUTT joints are used to join the edges of 
two members lying in approximately the same 
geometric plane. The joint area is between the 
edges of the two members. This type of joint is 
frequently used in plate, sheet metal, and pipe 
work. 

EDGE joints may also be used to join paral- 
lel members lying in the same plane. However, 
the edge joint is also used for joining members 
that do NOT lie in the same plane. While the edge 
joint has some applications in plate work, it is 
more frequently employed for sheet metal work. 
Occasionally the edge joint is used to join rein- 
forcing plates to the flanges of I-beams and the 
edges of angles. 

TEE joints and CORNER joints are used to 
join two members located at approximately right 
angles to each other. The corner joint forms an 
L-shape. The tee joint has the shape of a letter 
T. Corner joints are used in the fabrication of 
tanks, boxes, box frames, and similar objects. 
Tee joints are used in many types of metal 
structures. Corner joints are used only in rela- 
tively low-pressure tanks, since the root of the 
weld is in tension under load. 

The LAP joint is used to join overlapping 
members of a structure. The joint area of a lap 
joint is between the parallel surfaces of the joint 
members. 

In many joints, the edges of the members 
are grooved. The purpose of grooving is to give 
the joint the required strength with the use of a 
minimum amount of filler metal. Standard 
groove designs include the square groove, bevel 
groove, V-groove, J-groove, and U-groove. De- 



pending upon the thickness of the material to be 
welded, the joint is single grooved (grooved on 
one side only) or double grooved (grooved on 
both sides). Most materials up to 3/16 inch in 
thickness may be welded without grooving. 



JOINT EFFICIENCY 

Joint efficiency is a term used to indicate 
the strength of a welded joint as compared with 
the strength of the weakest base metal. If the 
welded joint is as strong as the weakest base 
metal, the joint efficiency is 100 percent. If the 
welded joint is only half as strong as the weak- 
est base metal, the joint efficiency is 50 percent. 
Joint efficiencies are specified on the basis of 
the service for which the welded structure is in- 
tended, taking into account such factors as the 
type of loading that will occur and the nature of 
the stresses that may develop. 

Complete information on the joint efficien- 
cies required for welded joints are given in Fab- 
rication, Welding, and Inspection of Machinery , 
Piping, and Pressure Vessels for Ships of the 
United States , MIL-STD-278 (Ships). 

If the members of a joint have different 
strengths, the calculation of joint efficiency is 
based on the strength of the weaker member. In 
full-penetration welds where the weld metal 
matches the base metal in physical and chem- 
ical properties, joint efficiency is considered as 
100 percent. If the properties of the weld metal 
are not the same as the properties of the base 
metal, the joint efficiency is based on the pro- 
portionate strength of the weld metal to the base 
metal. Joints welded from one side only, without 
backing strips, are rated as being not more than 
80 percent efficient. 
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MIL-STD-278 (Ships) gives a number of 
charts for calculating the efficiencies of single- 
and double -fillet weld joints. Figure 11-1 shows 
such an efficiency chart for medium steel, for 
continuous double -fillet welded tee joints made 
with certain specified electrodes. 

Study figure 11-1 and see how to use it. 
What information can you get from it 9 First of 
all, knowing the size of the steel to be welded, 
you can find out the size of the fillet weld that 
must be made IN THESE STEELS, WITH THE 
SPECIFIED ELECTRODES, in order to obtain a 
joint with the required efficiency. 

Let's take an example. Suppose you are 
going to weld on medium steel that is 1/2 inch 
thick (20.4 pounds per square foot per indicated 
thickness). The job calls for a joint efficiency of 
90 percent. Locate the vertical line that repre- 
sents 90-percent efficiency and follow it up until 
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98.42 

Figure 11-1. — Efficiency chart for continuous 
double-fillet tee joints welded with electrodes 
conforming to Specifications MIL-E- 
15599-C and MIL-E-22200/2A. 



it crosses the line representing the 1/2-inch, 
20.4 -pound plate. This intersection falls in a 
cross-hatched area that is bounded by two 
curved lines. For all intersections falling within 
this area, the weld size is indicated as 3/8 inch. 
Therefore, a weld of 3/8 inch is required in this 
particular case to obtain a double -fillet tee joint 
of 90-percent efficiency. For the same size 
medium steel, the weld size would have to be 
7/16 inch thick to obtain a joint efficiency of 100 
percent. If only 60-percent joint efficiency were 
required, the weld would only have to be 1/4 inch 
thick. 

This chart is useful in another way, too. It 
shows you what joint efficiency is possible with a 
double -fillet weld of a certain size on plate of 
varying thickness. For example, look at the 
cross-hatched area in which the weld size is 
given as 5/16 inch. By checking to see what in- 
tersections fall in this area, you can find that a 
double -fillet weld of 5/16 inch has 40-percent ef- 
ficiency on 40-poundplate, 50-percent efficiency 
on 30-pound plate, 75 -percent efficiency on 20- 
pound plate, and 100-percent efficiency on 15- 
pound plate. 

STANDARD JOINT DESIGNS 

The basic guide for the selection of welded 
joint designs is Military Standard Welded- Joint 
Designs , MIL-STD-22. This publication covers 
joint design for manual and semiautomatic arc 
and gas welding processes. Structural joints, 
piping joints, and pressure vessel connections 
are included. Pressures, temperatures, and 
services are specified for piping and pressure 
vessel joint designs. 

MIL-STD-278 (Ships), lists the applications 
of the various joint designs given in MIL-STD- 
22 and specifies limitations on the shipboard use 
of certain designs. 

Many modifications of the basic types of 
welded joints are used in the production of 
weldments. MIL-STD-22 gives details for a num- 
ber of butt joint designs, corner joint designs, 
lap joint designs, edge joint designs, andtee joint 
designs for structural work, piping, and pres- 
sure vessels. 

As a rule, you will use only a few of the 
joint designs illustrated in MIL-STD-22. Many 
of the designs are intended for metal thick- 
nesses greater than those normally welded by 
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shipboard personnel. However, you should be 
somewhat familiar with the joints described in 
this standard. 

In studying MIL-STD-22, note that certain 
joint designs may not be used when the root of 
the weld is subject to bending tension. Also, 
some designs are restricted to certain welding 
positions, while others may be used in all posi- 
tions. 

The following sections describe some of the 
more commonly used designs for welded joints. 
Further information on these and other joint de- 
signs should be obtained through study of MIL- 
STD-22 and MIL-STD-278 (Ships). 

Note that standard weld and welding symbols 
are used on the drawings of welded joint designs. 
If you are not entirely familiar with the meaning 
of these symbols, study AWS-A2.0 Welding 
Symbols . The identification of joint designs by 
letter and number (as B-l, C-19, etc.) is that 
established by MIL-STD-22. 

BUTT JOINT DESIGNS 
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In the structural butt joint designs shown in 
figure 11-2, the dimension T refers to metal 
thicknesses and the dimension Y refers to the 
MINIMUM size of root opening required. 

Design B-l may be used on metal thick- 
nesses up to 1/16 inch. No root opening is re- 
quired in this design. The amount of weld rein- 
forcement should be between 1/32 and 1/8 inch. 
This design must not be used when the root of 
the weld is subject to bending tension. 

Designs B-2 and B-5 are welded from both 
sides. The two designs are the same except for 
dimension Y. Design B-2 requires no minimum 
root opening, but design B-5 requires a mini- 
mum root opening of one -half the thickness of 
the material. Design B-2 may be used for ma- 
terials up to 1/8 inch; design B-5 may be used 
for materials up to 3/16 inch. 

Design B-3 incorporates a permanent back- 
ing strap. This design may be used for materials 
up to a maximum of 3/16 inch. The minimum 
root opening required for this design is T— that 
is, the thickness of the metal being joined. 

Figure 11-3 shows the design of the backing 
strap used with joint design B-3. This backing 
strap design is also used with other single - 
grooved butt joint designs. Notice that the width 
of the strap is centered so that one -half the 
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Figure 11-2. — Butt joint designs B-l, B-2, 
B-3, and B-5. 

width is on each side of the centerline of the 
weld. The size (S) of the fillet weld is one -half 
the thickness of the thinner member, or 3/8 inch, 
whichever is less. The thickness of the backing 
strap and the width of the backing strap depend 
upon the thickness of the metal being welded. 
Minimum thicknesses and widths of backing 
straps for various sizes of plate are shown in 
table 11-1. 
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Figure 11-3.— Design of a permanent backing 
strap for use with single- grooved 
butt joints. 
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Table ll-l.-Minimum thicknesses and widths 
of backing straps for various sizes 
of plate, single -grooved 



butt joints. 


Plate 

Thickness 

(inch) 


Minimum Thickness 
Of Backing Strap 
(inch) 


Minimum Width 
Of Backing 
Strap (inches) 


1/8 


1/8 


1/2 


3/16 thru 
5/16 


3/16 


1 


3/8 and 
over 


1/4 


1 1/2 
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Some single -V butt joint designs are shown 
in figure 11-4. Design B-14 is welded from 
both sides. This design is suitable for all weld- 
ing positions. It requires a minimum groove 
angle (X) of 60° and a minimum root opening (Y) 
of 1/8 inch. 

Designs B-10, B-ll, B-41, and B-46 are 
welded on backing. Design B-10 is suitable only 
for plate up to 3/8 inch. Information on minimum 
groove angles (X), minimum root openings (Y), 
and suitable welding positions for these joint de- 
signs is given in table 11-2. 



Design B-31 , shown in figure 11-5, is a 
double -V butt joint design that is suitable for all 
positions of welding. The groove angle (X) must 
be at least 60° and the root opening (Y) must be 
at least 1/8 inch. The root edge or root face may 
be from 0 to 1/16 inch. 

The designs shown in figure 11-6 are for 
single-bevel butt joints. Design B-17 is welded 
from both sides; designs B-15, B-18, and B-21 
are welded on backing. The minimum groove 
angles, minimum root openings, and suitable 
welding positions for these joint designs are 
given in table 11-3. 

Design B-32, shown in figure 11-7, is a 
double-bevel butt joint design that is suitable for 
all welding positions. This design requires a 




B-31 WELDED BOTH SIDES 



Figure 1 1-5. -Double -V butt joint 
design B-31. 
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B-14 WELDED BOTH SIDES 




B-IO, B-ll, B-41, B-46 welded on backing. 
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Figure 1 1-4. -Single -V butt joint designs B-14, 
B-10, B-ll, B-41, and B-46. 
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Figure ll-6.-Single-bevel butt joint designs 
B-17, B-15, B-18, and B-21. 
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Table ll-2.-Minimum groove angles (X), minimum root openings (Y), and suitable 
welding positions for joint designs B-10, B-ll, B-41, and B-46. 



Joint 


Minimum Groove 
Angle, X ( ) 


Minimum Root 
Opening, Y 
(inch) 


Suitable 
we icing 
Positions 


B-10 


60 


1/8 


All 


B-ll 


45 


1/4 


All 


B-41 


20 


1/2 


Flat, vertical, overhead 


B-46 


12 


1/2 


Flat 



minimum groove angle of 45° and a minimum 
root opening of 1/8 inch. 

CORNER JOINT DESIGNS 

The corner joints that you are likely to use 
most frequently are described here. Other 
corner joint designs are given in MIL-STD-22. 

Two simple corner joints that require no 
edge preparation are shown in figure 11-8. De- 
sign C-l may be used on metal thicknesses up 
to a maximum of 1/8 inch. The root opening 
must be at least as wide as the thickness of the 
thinner member. This joint must not be used 
when the root of the weld is subject to bending 
tension. Design C-2 may be used where the 



thickness of the thinner member does not ex- 
ceed 3/16 inch. For this design, the root open- 
ing must be at least one -half the thickness of 
the thinner member. The size of the fillet (S) 
is governed by the joint efficiency require- 
ments. 

Figure 11-9 shows two other corner Joints 
that do not require edge preparation. Design 
C-20, for an outside single-fillet welded corner 
joint, must not be used when the root of the 
weld is subject to bending tension. Design C-21 
is a double -fillet welded corner joint. In both 
designs, the size of the fillet weld is deter- 
mined by the requirements of joint efficiency. 

The fillet reinforced, outside single-bevel 
corner joints C-15 and C-l 5A, shown in figure 
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Table ll-3.-Minimum groove angles (X), minimum root openings (Y), and suitable welding 
positions for joint designs B-17, B-15, B-18, and B-21. 



Joint 


Minimum Groove 
Angle, X (°) 


Minimum Root 
Angle, Y 
(inch) 


Suitable Welding 
Positions 


B-17 


45 


1/8 


All 


B-15 


45 


1/4 


All 


B-21 


35 


3/8 


All 


B-18 


25 


3/8 


Flat, vertical, overhead 
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Figure ll-7.-Double-bevel butt joint 
design B-32. 

11-10, differ with respect to which member of 
the joint is beveled. In both designs, the groove 
angle must be at least 45° and the root 
opening must be at least 1/8 inch. For joint 
C-15, the horizontal member is beveled; this 
design may have a root edge or root face of 
from 0 to 1/8 inch. Design C-15A is used when 
the veritical member is thicker than the hori- 
zontal member; in this design, at least 3/16 
inch of the original plate thickness must re- 
main after the edge has been beveled. 

When the location of the joint is a bottom 
corner, the inside single-bevel joint illustrated 
in figure 11-11 is used. This design, C-19 has 
a reinforcing fillet on the inside. Minimum 
groove angle for this design is 45° and min- 
imum root opening is 1/8 inch. 
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Figure 11-8. -Designs C-l and C-2 for open 
square corner joints. 
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C-21 DOUBLE FILLET 
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Figure 11-9,-Fillet welded corner joint 
designs C-20 and C-21. 

Designs C-ll and C-12, shown in figure 
11-12, are single -V corner joint designs. De- 
sign C-ll is welded only from the outside; de- 
sign C-12 has an additional inside fillet rein- 
forcement. For both designs, the minimum 



45 # ann 



Eft! r*-*™i 



C-15 




y 1 



— ^ MIN 

C-I5A 



98.51 

Figure ll-lO.-Designs C-15 and C-15A for 
fillet reinforced, outside single-bevel 
corner joints. 
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Figure 11 -11. -Design C-19 for fillet 
reinforced, inside single -bevel 
corner joint (welded 
both sides). 

groove angle is 60° and the minimum root 
opening is 1/8 inch. Both designs require 
a minimum of 3/16 inch of the original plate 
thickness to be left after the vertical member is 
beveled. Design C-ll must not be used when the 
root of the weld is subject to bending tension. 

Design C-32, shown in figure 11-13, isfre- 
quently used for corner joints when the thick- 
ness of the material is greater than 3/4 inch. 
For material thicknesses of more than 1-1/2 
inches, a double -J edge preparation is nec- 
essary. 
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C-ll WELDED ONE SIDE 




C-12 FILLET REINFORCED 
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Figure ll-12.-Designs C-ll and C-12 for 
single -V corner joints. 




C-32 

98.54 

Figure ll-13.-Design C-32 for fillet 
reinforced double -bevel 
corner joint. 

TEE JOINT DESIGNS 

Designs T-l, T-2, and T-3, shown infigure 
11-14, are tee joint designs that require no edge 
preparation. 

Design T-l requires no space between the 
edge of one member and the surface of the other 
(dimension A, in fig. 11-14). However, a space 
up to 1/8 inch may be used when both surfaces 
are straight and a space up to 3/16 inch may be 
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Figure ll-14.-Tee joint designs requiring no 
edge preparation (T-l, T-2, and T-3). 
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used when one of the surfaces is curved. When 
A exceeds 1/16 inch, the fillet must be equal to 
S plus A. S, of course, is determined by the joint 
efficiency required by the specifications. 

Let's take an example to illustrate this 
point. Suppose you are required to weld a tee 
joint in 1/2-inch (20.4-pound) medium steel plate. 
One of the surfaces is curved. The specifications 
require the joint to be 100 percent efficient. 
You are going to use an electrode conforming to 
MIL-E-15599-C, type 6011, class 1. When A ex- 
ceeds 1/16 inch, the fillets, must be equal to the 
size governed by design requirements plus A. 

To find the size of fillet required, you must 
go back to the efficiency chart shown in figure 
11-1. This chart gives joint efficiencies of var- 
ious sizes of continuous double-fillet welded tee 
joints, when the welding is done with electrodes 
conforming to Specifications MIL-E-15599-C 
and MIL-E-22200/2A. Looking at thischart, you 
will find that a 7/1 6 -inch fillet is necessary to 
obtain a joint efficiency of 100 percent. In this 
particular example, however, dimension A is 
greater than 1/16 inch. Consequently, the value 
of A must be added to 7/16 to obtain the final 
size of the fillet. In this example, then, fillet 
size is 7/16 PLUS 1/8, or 9/16 inch. 

Chain intermittent joint T-2 and staggered 
intermittent joint T-3 are modifications of de- 
sign T-l. As may be seen in figure 11-14 the 
size of the fillet weld (S) is equal to the maxi- 
mum thickness (T) of the plate. The length (L) 
of the fillet is specified in terms of minimum and 
maximum length. The minimum length must be 
8 times S, but in no case less than 1-1/2 inches; 
the maximum length is 16 times the thickness 
(T) of the thinner member, but in no case more 
than 6 inches. The maximum spacing from center 
to center of the intermittent increment (C) is 16 
times the thickness of the thinner member, but 
in no case more than 12 inches. 

A single-bevel tee joint design, T-14, is il- 
lustrated in figure 11-15. As may be seen, this 
joint is welded from both sides and has a rein- 
forcing fillet. The design calls for a minimum 
groove angle of 45° with a minimum root open- 
of 1/8 inch. The root edge or root face may be 
from 0 to 1/8 inch. 

Figure 11-16 shows a double-bevel tee joint 
design, T-32, that is used for metal thicknesses 
of more than 3/4 inch. The design requires a 
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Figure 11-15.— Design T-14 for 
single-bevel tee joint. 
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minimum bevel angle of 52° and a minimum 
root opening of 1/8 inch. 

EDGE JOINT DESIGNS 

Edge joint designs are seldom used in plate 
work but are used extensively in sheet metal 
work. Two edge joint designs are illustrated in 
figure 11-17. The square groove edge joint, de- 
sign E-l, may be used for metal thicknesses up 
to 1/8 inch. For material over 1/8 inch thick, 
the single- V edge joint, design E-ll, is often 
used. Design E-ll requires a groove angle of 
90°. Note that the depth of the V is related 
to the thickness of the material. If metal thick- 
ness (T) is 1/2 inch, then the depth of the V is 
3/8 inch— in other words, the depth of the V is 
always T minus 1/8 inch. Edge joints are not 
used when the root of the weld is subject to 
bending tension. 
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Figure ll-16.-Design T-32 for 
double-bevel tee joint. 
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Figure 11- 17. -Designs E-l and E-ll 
for edge joints. 

LAP JOINT DESIGNS 

Three variations of the double -fillet welded 
lap joint are shown in figure 11-18. These designs 
are identical except for the differences arising 
from the variations of the plates with respect to 
an axial plane. 

The designs shown in figure 11-18 are not 
used when the root of the weld is subject to 
bending tension. It is not necessary for the two 
members to be of the same thickness. In all 
three designs, the amount of overlap must be at 
least five times the thickness of the thinner mem- 
ber. 

Designs for plug welded and slot welded lap 
joints are shown in figure 11-19. Design L-ll 
requires a minimum groove angle of 45°. 
The diameter of the plug varies with the thick- 
ness of the material. When the thickness (T) is 
1/8 inch or less, the diameter of the plug must 
be at least 1/4 inch. When T is 1/8 to 1/2 inch, 
the diameter of the plug must be at least twice 
the thickness of the material. For plate over 1/2 
inch thick, the diameter of the plug must be 
equal to the thickness of the plate PLUS 1/2 
inch. For example, if the plate thickness is 3/4 
inch, the plug diameter would be 1-1/4 inches. 

For relatively thick materials, slot welded 
lap joint designs are generally used instead of 
plug welded lap joint designs. In design L-12, 
shown in figure 11-19, the slot is entirely filled 
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Figure 11-18. -Designs L-l, L-2, and L-3 
for double -fillet welded lap joints. 

with filler metal. In joint design L-13, the slot 
is fillet welded; and in design L-14, the slot is 
beveled to a 25° included angle and en- 
tirely filled with weld metal. In all of these slot 
welded lap joint designs, the maximum length of 
the slot is 10 times the thickness of the metal in 
which the slot is made. The width of the slot (W) 
depends upon the thickness of the metal; the slot 
radius is in all cases one -half the slot width. 

Lap joint designs— whether fillet welded, 
plug welded, or slot welded— are not generally 
recommended for use in any joint where a stand- 
ard butt joint design could be used instead. 

PIPE JOINT DESIGNS 

The selection of a joint design for welded 
piping involves consideration of several factors, 
including the size of the piping, the operating 
pressure of the system, the operating tempera- 
ture of the system, and the nature of the fluid 
carried by the system. 

Note that the designation P for a pipe joint 
design (as P-l, P-43, etc.) refers to the JOINT 
DESIGN, not to the piping system. There is no 
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Figure 11-19. — Lap joints, plug and slot 
welded (L-ll, L-12, L-13, and L-14). 

relationship between the designation of these pipe 
joint designs and the P-l, P-2, and P-3 piping 
system designations. The pipe joint designs dis- 
cussed here are the more or less basic designs 
for pipe work. Many other designs are given in 
MIL-STD-22. 

A square butt joint design (fig. 11-20) is 
suitable for any size of pipe in which the pres- 
sure is 50 psi or less and the temperature 212° 
F or less. It may be used for all ser- 
vices, including salt water and other corrosive 
fluids, provided the inside of the pipe is in- 
spected and complete weld penetration is en- 
sured. 



Design P-2, a fillet welded slip-on butt joint 
design (fig. 11-21), is suitable for all services 
except salt water or other corrosive iluids. The 
pressure is limited to 225 psi for pipe sizes of 
more than 2 inches; for pipe sizes of 2 inches 
and less, there is no pressure limitation. Tem- 
perature is limited to 212° F in pipe sizes 
of more than 2 inches. There is no tem- 
perature limitation for pipe sizes of 2 inches 
or less. 

The design details of a P-2 joint are keyed 
to the size of the pipe. Sleeve thickness is from 

I- 1/4 to 1-1/2 times the wall thickness of the 
pipe. Sleeve length (L) depends upon the pipe 
diameter. With a minimum of 1 inch for 1/4- 
inch pipe, l-l/4-inches for 3/8-inch and 1/2- 
inch pipe, and l-l/2-inches for 3/4-inch pipe and 
over. As indicated in figure 11-21, the cross sec- 
tion of the fillet weld is equal to the thickness of 
the pipe wall on the leg adjacent to the sleeve and 
to twice the thickness of the pipe wall on the leg 
adjacent to the pipe surface. 

The V -groove butt joint design, P-3 (fig. 

II- 22), is suitable for pressures of 225 psi and 
below and for temperatures of 212° F and below. 
It may be used for all services, including salt 
water and other corrosive fluids, when the inside 
of the pipe is inspected and complete weld pene- 
tration is ensured. Wall thickness must be at 
least 5/32 inch for this design. 

Design P-4 (fig. 11-23) is a V-groove butt 
joint welded on a plain backing ring. This joint 
design may be used in all types of systems, at 
any pressure and any temperature. The size of 
the root opening varies according to the pipe 
size. A root opening of at least 1/4 inch is re- 
quired on pipe sizes of more than 3 inches; on 
pipe sizes of 3 inches or less, the minimum root 
opening is 3/16 inch. Backing rings are available 
in all nominal pipe sizes. If it is necessary to 
manufacture a backing ring, the design of the ring 
must be in accordance with MIL-STD-22. 

Design P-41 (fig. 11-24) is a fillet -welded 
socket joint that may be used in all services ex- 
cept those in which the materials are susceptible 
to excessive corrosion. For pipe sizes over 2 
inches, the pressure may not exceed 225 psi 
where this design is used; for pipe sizes of 2 
inches and smaller, there is no pressure limita- 
tion. Temperature limitations for this design are 
rather complicated. For pipe sizes over 2 inches 
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Figure 11-20.— Square -butt joint design P-l. 
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the maximum temperature is 212° F. For pipe 
sizes of 2 inches and less, there is no general 
temperature limitation; however, if the tempera- 
ture exceeds 875° F, or if austenitic stainless 
steels are used, the joint design must not be used 
for pipe sizes of more than 1 inch. 

Design P-43 (fig. 11-25) is for a single - 
bevel, fillet reinforced, welded slip-on flange. 
This design has a number of applications in sys- 
tems operating at 225 psi or less and 650° F or 
less. The bevel on the flange is always at least 
45° in this design. Dimension D varies with the 
pipe size and with the weight of the flange ma- 
terial. Detailed information on dimensions is 
given in MIL-STD-22. 

A single -bevel, fillet reinforced design for a 
root connection is shown in figure 11-26. This 
design, P-62, is not used on pipe less than 5/32 
inch in wall thickness. This design is suitable 
for pressures of 225 psi and below and for tem- 
peratures of 212° F and below. It may be used 



for all services, including salt water and other 
corrosive fluids, providing the inside of the pipe 
is inspected and complete weld penetration is 
ensured. 

PRESSURE VESSEL JOINT DESIGNS 

The term PRESSURE VESSELS is used to 
include all drums, turbine casings, tanks, or 
closed receptacles subjected to internal pres- 
sure at normal or at elevated temperatures and 
all feed tanks and lubricating oil storage tanks 
not subjected to any pressure or vacuum other 
than the static head of the contained liquid. 
Pressure vessels are classified as being FIRED 
or UNFIRED, and are further divided into sev- 
eral classes on the basis of operating pressure, 
operating temperature, andthe nature of the con- 
tained fluid. Pressure vessel classification is 
given in detail in MIL-STD-278 (Ships). 

Welded joints for pressure vessels must 
have joint efficiency of 100 percent. All joints 
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Figure 11-21. -Slip-on sleeve butt joint, fillet -welded, P-2. 




Figure ll-22.-V-grooved butt joint, P-3. 
231 
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Figure 11-23.— V-grooved butt joint, welded on plain type backing ring, P-4. 
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must be designed either to permit weld- 
ing from both sides or to include the 
use of backing rings, so that complete 
weld penetration can be ensured. For pres- 
sure vessels containing flammable or lethal 
substances, welded Joints involving tightness 



must be made with multiple layers of weld 
metal. 

Various joint designs for pressure vessels 
are given in MIL-STD-22. MIL-STD-278 (Ships) 
lists the joint designs that may be used for vari- 
ous classes of pressure vessels. 
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ENDOF SOCKET BEVELED 
WHERE REQUIRED FOR 
SPECIFIC APPLICATION 




135.18 

Figure 11-24. — Fillet -welded socket, P-41. 
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Figure 11-25.— Single -beveled fillet-reinforced welded slip-on flange, P-43. 






98.62 



Figure ll-26.-Single-beveled fillet - 
reinforced root connection, welded 
on one side, P-62. 
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CHAPTER 12 



TESTS AND INSPECTIONS OF WELDS 



A number of tests and inspections are used 
to determine the quality of finished welds. Some 
of thesetests are destructive— that is, the sample 
is destroyed in the process of testing. Others 
are nondestructive. In general, destructive tests 
are used to test sample welds and practice welds, 
while nondestructive tests are used when it is 
necessary to determine the quality of a weld that 
will be used in service. When you take welders' 
qualification tests, both destructive and nonde- 
structive methods will be used to determine the 
quality of the welds that you make. 

DESTRUCTIVE TESTS 

The destructive tests that are most com- 
monly used for testing sample welds and practice 
welds are (1) the tensile test, (2) the free bend 
test, and (3) the guided bend test. These tests 
are described in the following sections. 

TENSILE TEST 

A weld is usually required to have a tensile 
strength that is at least 90 percent of the tensile 
strength of the base metal. The usual procedure 
for determining tensile strength is to insert a 
test specimen between the jaws of a tensile 
strength testing machine and increase the pull 
(tension) until the metal breaks. Some ships are 
furnished with portable machines for testing the 
tensile strength of welds. 

FREE BEND TEST 

The free bend test is designed to measure 
the ductility of the weld metal deposited in a 
welded joint. The test is very simple to perform, 
and may be done with the tools that are found in 



practically any shop. Figure 12-1 shows the pro- 
cedure for making the free bend test. 




SPEC MEN PREPARATION TESTING 
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Figure 12-1. -Free bend test. 

The first step is to prepare the test speci- 
men by machining the weld reinforcement flush 
with the surface of the plate. This machining 
should be done at right angles to the direction in 
which the weld was deposited. Scribe two lines 
on the face of the weld, each line being located 
1/16 inch from the edge of the weld metal. 
Measure the distance between the two lines, to 
the nearest 0.01 inch, and let the resulting meas- 
urement equal X. 

Next bend the test specimen into thirds, as 
shown in figure 12-1, so that each leg makes a 
30° angle with the middle third of the piece. 

With the scribed lines on the outside and 
with the piece placed so that all the bending will 
occur in the weld, bend the test piece in a hy- 
draulic press or some similar machine. If a 
crack greater than 1/16 inch in length develops 
during the test, the weld is a failure and the 
bending should be stopped. If no cracks greater 
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than 1/16 inch develop, continue bending until the 
specimen is bent flat, as shown in figure 12-1. 

When the specimen has been bent flat, meas - 
ure (to the nearest 0.01 inch) the distance that 
now exists between the scribed lines, and let this 
measurement equal Y. The extent to which the 
weld material has elongated or stretched out un- 
der test may then be found by the formula, 



% elongation = =^2 



x 100 



The greater the percent of elongation, the 
greater is the ductility of the weld metal. A weld 
is considered satisfactory by the free bend test 
if the percent of elongation is at least 15 percent 
and if no cracks greater than 1/16 inch in length 
exist on the face of the weld. 

GUIDED BEND TEST 

The guided bend test is used to determine 
the quality of the weld metal at the face and at 
the root of welded joints. A jig is used for the 
guided bend test. The test specimen is placed 
across supports in a special machine. A plunger, 
operated by hydraulic fluid under pressure, 
forces the specimen into the die. To fulfill the 
requirements of the guided bend test, the speci- 
men must be bent to the capacity of the jig (or 
180°) without showing any surface cracks 
of more than 1/8 inch in length. As may be seen 
in figure 12-2, the face of the weld is in tension 
during the face bend test and the root of the weld 
is in tension during the root bend test. 



FACF 



ROOT 



FACE BEND 



ROOT BEND 



NONDESTRUCTIVE TESTS AND 
INSPECTIONS 

Due to the development and use of high- 
strength materials for ships and machinery, 
welds made of such materials are subject to 
controls not generally encountered before 1955. 
Today we repair hulls and machinery, pressure 
vessels, and piping with the same controls and 
quality assurance as are demanded of the manu- 
facturer at building yards— and, often, with more 
care. 

Nondestructive tests, are used for testing 
the quality of the welds. 

When tests are specified, the specifications 
or standards will outline in detail: (l)whichpart 
is to be inspected, (2) the testing procedure 
which must be used, (3) the extent of the part 
subject to the inspection, (4) the qualifications of 
the persons making the test, (5) the qualifications 
of the persons evaluating the results of the test, 
(6) the acceptance levels which the test must 
show, and (7) materials and equipments to be 
used. 

Unspecified tests (tests not in the standards) 
may be made, but they cannot be considered as 
final acceptance tests unless they are specifi- 
cally approved by the Naval Ship Systems Com- 
mand. A welder is not permitted to inspect his 
own welds for final acceptance. 

There is no "standardized" waiver of any 
specified test regardless of the type organization 
making or repairing the item. This should be 
understood by all concerned. 

Test work with radiography (X-ray and 
gamma ray), penetrant, ultrasonic, and magnetic 
particle tests must be done by personnel with 
current certification by the Naval Ship Systems 
Command when official (acceptance) tests are 
performed. However, a Boilermaker without a 
certificate may take part in these tests when he 
is under the direction of a qualified person. He 
may help prepare an item for inspection and 
assist a radiographer in radiographic exposures 
in conformance with AEC (Atomic Energy Com- 
mission) radiation protection rules. 

VISUAL EXAMINATION 
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Figure 12-2.— Specimens for guided bend test. 



Visual inspection of welds is useful for de- 
tecting undercutting, large cracks, inaccurate 
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dimensions, and other obvious defects. However, 
there are many serious defects that cannot be de- 
tected by visual inspection, even by an experi- 
enced inspector. Visual examination of welds is 
NOT adequate for determining the internal 
soundness of welds or for detecting very small 
surface defects. 

HYDROSTATIC TESTS 

Many welded structures must be subjected to 
hydrostatic tests or other pressure tests in order 
to prove the tightness and the strength of the 
joints. Test pressures are usually included in the 
instructions or specifications for the welding. 
If test pressures are not specified, the hydro- 
static test is normally performed at 1-1/2 times 
the maximum working pressure. 

MAGNETIC PARTICLE INSPECTION 

Magnetic particle inspection can be used for 
the detection of weld defects in metals or alloys 
in which magnetism can be induced. Lines of 
force are generated in the metal being mag- 
netized. The presence of cracks or other defects 
on or near the surface disturb the normal flow 
of these lines of force and create areas of "flux 
leakage." Upon application of finely divided iron 
powder, the powder will adhere to the locations 
where "flux leakage" occurs, thereby identifying 
the location of the defects. 

The test piece may be magnetized either by 
having an electric current pass through it, as 
shown in part A of figure 12-3, or by having an 
electric current pass through a coil of wire that 
surrounds the test piece, as shown in part B of 
figure 12-3. Circular magnetism is induced when 
the current passes through the test piece; longi- 
tudinal magnetism is induced when the current 
passes through a coil that surrounds the test 
piece. In order for a defect to show up as a dis- 
turbance in the pattern of the iron particles, the 
direction of the magnetic field must be at right 
angles to the major axis of the defect. A magnetic 
field having the necessary direction is estab- 
lished when the current flow is parallel to the 
major axis of the defect. Since the orientation of 
the defect is unknown, different current direc- 
tions must be used during the test. As shown in 
figure 12-3, circular magnetism is induced in the 
test piece so that the piece may be inspected for 



CONTACT PLATE CONTACT PLATE 




A MAGNETIC PARTICLE INDICATION OF 
LENGTHWISE CRACK IN A CYLINDRICAL PART 




B MAGNETIC PARTICLE INDICATION OF 
TRANSVERSE CRACK IN A CYLINDRICAL PART 
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Figure 12-3.— Magnetic particle indication 
of defects in a cylindrical part. 

lengthwise cracks, while longitudinal magnetism 
is induced so that the piece may be inspected for 
transverse cracks. In general, magnetic particle 
inspection is satisfactory for detecting surface 
cracks and cracks that are very near the surface. 

Several types of magnetic particle inspec- 
tion units are used in the Navy. The bench-type 
unit illustrated in figure 12-3 has adjustable con- 
tact heads, a movable coil or solenoid, a source 
of power, and variou. controls and meters. By 
using first the heads and then the coil, magnetic 
fields oriented at 90° angles to each other can 
be induced without changing the position of the 
work piece in the unit. This unit is used primarily 
for the inspection of small parts; it is not suit- 
able for use on large castings or weldments. 

A portable unit, such as the one shown in fig- 
ure 12-4, is used for magnetic particle inspection 
of large pieces. The portable unit shown is a high 
amperage, low voltage unit having a maximum 
magnetizing current output of 500 amperes, 
either alternating or half- wave rectified direct 
current. It is ready to operate when plugged into 
a 110- volt power supply that furnishes 20 am- 
peres. The unit consists of magnetizing current 
source controls, indicating meters, three 10- 
foot lengths of flexible cable for carrying the 
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A. PROD METHOD 




B.COIL METHOD 




C.YOKE METHODISED FOR SURFACE 
INDICATION 

18.80 

Figure 12-4.— Portable unit for 
magnetic particle inspection. 



current to the test piece, and a prod kit. The 
prod kit includes an insulated prod grip fitted 
with an ON-OFF relay or current control switch, 
a pair of heavy copper contact prods, and two 5- 
foot lengths of flexible cable. Cable fittings are 
so designed that either end of any cable may be 
fitted to the unit, to the prods, or to any other 
cable. Three outlets on the unit make it easy to 
change from alternating to direct magnetizing 
current. Plugging cables into two of the outlets 
supplies an alternating magnetizing current. Un- 
plugging one of the cables and replugging it into 
the third outlet provides a half- wave rectified 
alternating magnetizing current. For most work, 
alternating current magnetization effectively lo- 
cates fatigue cracks and similar defects extend- 
ing through to the surface. When more sensitive 
inspection is required to detect defects below the 
surface, a half-wave rectified alternating cur- 
rent is used. The magnetizing circuit connec- 
tions are adequately marked for easy identifica- 
tion during setting-up or changing- over. 

The unit can be used with alternating or 
direct current in either of three ways as shown 
in parts A, B, and C of figure 12-4: (1) with 
prods attached to the flexible cable and used as 
contacts through which current is passed into 
and out of a portion of the test piece, setting up 
circular magnetization in a local area between 
the prod contact points; (2) with flexible cable 
wrapped around the work to form a coil which, 
with the passage of current, induces longi- 
tudinal magnetism in the part of the workpiece 
that is surrounded by the coiled cable; and (3) 
the yoke method that is also used for surface in- 
dication. 

Although either of these three methods may 
be used, the prod method is probably the easier to 
apply. In most instances, it effectively serves to 
detect surface defects. With the prods, however, 
only a relatively small area of the test piece can 
be magnetized at any one time. This magnetized 
area is limited to the distance between prod 
contact points and to several inches on each side 
of the current path. To check the entire surface, 
it is necessary to successively test adjacent 
areas by changing the location of the prod con- 
tact points after a given area has been tested. 
Each area of the test piece must be inspected 
twice, once with the current passing through the 
metal in one direction and once with the current 
passing through the metal in a direction at right 



23ft 



Chapter 12- TESTS AND INSPECTIONS OF WELDS 



angles to the direction of the first test. One of 
the advantages of the prod method of magnetic 
particle inspection is that the current can be 
easily passed through the metal in any desired 
direction. Thus, if a given area is suspected of 
being defective, magnetic fields of various 
orientations can be established during the test. 

The prod method is accomplished by ad- 
justing the unit for a current output suitable for 
the magnetizing and testing to be performed for 
any particular kind of metal, the amperage set- 
ting required depends on the distance between 
prod contact points. With the prod kit supplied 
with the unit, the space between prod contact 
points is 4-6 inches. For this space, with ma- 
terial thickness less than 3/4 inch, a current 
setting between 300 and 400 amperes is satis- 
factory. With a material thickness of 3/4 inch 
and over, use 400 to 600 amperes. To obtain the 
same magnetic field force, less amperage is re- 
quired if the prod contact points are closer to- 
gether; more amperage is needed if prod contact 
points are farther apart. With prods constantly 
at the same spacing, a greater amperage will in- 
duce a field of greater strength. 

After adjusting the unit, place the prods in 
position. Hold them in firm contact with the 
metal and turn on the current. Then apply mag- 
netic particles to the test surface and inspect the 
test area for indicator patterns. Magnetic parti- 
cles may be applied with a shake -bag, with a 
powder bulb, or with a special applicator gun. 
Do not move the prods until after the current has 
been turned off. Todosowouldcausethe current 
to arc, resulting in a flash similar to that occur- 
ring in arc welding. 

The length of time the current is to be left 
on depends on the metal being tested and the lim- 
itations of the equipment. If he prefers the con- 
tinuous method, in which the current continues to 
pass through the metal throughout the test, cur- 
rent is not turned off until after the area has been 
inspected for indications. If he prefers the res- 
idual method, the current is permitted to pass 
through the metal for only an instant. The mag- 
netic field is established instantly as the electric 
current flows through the metal. In many types of 
steel, the magnetic field remains for a short time 
after the current has been turned off, diminish- 
ing gradually. Since areas in which defects exist 
are more magnetic than those in which the metal 
is solid, the residual magnetism at these points 



is greater, having sufficient strength to hold 
magnetic particles while other areas do not. The 
residual method is not suitable for low carbon 
steel, since low carbon steel does not retain in- 
duced magnetism. For low carbon steel, the con- 
tinuous method must be used* 

Through the use of magnetic particle in- 
spection, hairline cracks that are otherwise in- 
visible are readily detected, since the particles 
form an unmistakable outline of the defect. Large 
voids beneath the surface are more easily de- 
tected than small voids, but any defect below the 
surface is more difficult to detect than one which 
extends through to the surface. Since false indi- 
cations occur frequently, the inspector must be 
able to accurately interpret the particle indica- 
tions he observes. 

Factors that help the inspector to interpret 
the test results include the amount of magne- 
tizing current applied, the shape of the indica- 
tion, the sharpness of the outline, the width of the 
pattern, and the height or buildup of the parti- 
cles. Although these characteristics do not de- 
termine the seriousness of the indication, they 
do serve to identify the kind of defect indicated. 

The indication of a crack is a sharp, well- 
defined pattern of magnetic particles having a 
definite buildup. This indication is produced by 
a relatively low magnetizing current. Seams are 
revealed by a straight, sharp, fine indication. 
The buildup of particles is relatively weak and 
the magnetizing current must be higher than that 
required to detect cracks. Oxide and slag inclu- 
sions, gas pockets, or shrink defects are diffi- 
cult to detect with magnetic particle inspection. 
A high magnetizing current, continuously ap- 
plied, is usually required. The particle patterns 
for these defects are fuzzy in outline, and have 
a medium buildup. 

Whether or not an indicated defect is to be 
chipped or ground out and repaired by welding 
depends on the specifications governing the job. 
Surface cracks are always removed and re- 
paired. Indications of subsurface defects de- 
tected by magnetic particle inspection are eval- 
uated by the inspector. If the indication is posi- 
tive, it is usually best to grind or chip down to 
solid metal and make the repair. Unless the in- 
spector has had considerable experience and can 
differentiate accurately between true and false 
indications, it is best to restrict the application 
of magnetic particle inspection to the detection 
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of surface defects. For this application, mag- 
netic particle inspection is almost foolproof. 

After indicated defects have been repaired, 
the areas should be reinspected to ensure that 
the repair is sound. The final step in magnetic 
particle inspection is to demagnetize the work- 
piece. This is especially important when the 
workpiece is made of high carbon steel. Demag- 
netization is essential when direct current has 
been used to induce the magnetic field. It is not 
as necessary when alternating current has been 
employed in the test. In fact, the usual demag- 
netization procedure involves placing the work- 
piece in an a-c coil or solenoid and slowly with- 
drawing it while the current passes through the 
coil. 

Demagnetization can be done with the port- 
able unit, if a special demagnetizer is not avail- 
able. To demagnetize with the portable unit, form 
a coil of flexible cable around the workpiece. Be 
sure that the cable is plugged into the unit for the 
delivery of alternating current. Set the current 
regulator to deliver a current identical to that 
used for the inspection, and turn on the unit. Then 
gradually decrease the amperage until the am- 
meter indicates zero. If the piece is large, it 
may be necessary to demagnetize a small portion 
of the work at a time. 

A check for the presence of a magnetic field 
(and thus a check on the need for demagnetiza- 
tion) may be made by using a small compass. A 
deviation of the needle from its normal position, 
when the compass is held near the workpiece, is 
an indication that a magnetic field is present. 

LIQUID PENETRANT INSPECTION 

Liquid penetrant inspection is used to in- 
spect metals for surface defects similar to those 
revealed by magnetic particle inspection. Unlike 
magnetic particle inspection, which can reveal 
subsurface defects, liquid penetrant inspection 
reveals only those defects that are open to the 
surface. In general, the only metals that are in- 
spected by liquid penetrant methods are non- 
ferrous metals and nonmagnetic steels. 

Four types of liquid penetrants are used. 
Type I is a water -washable dye penetrant. Type II 
is a dye penetrant which is NOT water washable. 
Type HI and Type IV arefluorescentpenetrants. 
Instructions furnished with eachpenetrant should 
be followed carefully, since there are some dif- 



ferences in procedure and some differences in 
safety precautions required for the various 
penetrants. 

Before using a liquid penetrant to inspect 
a weld, remove all slag from the surface. Except 
where a specific finish is required, it is not 
necessary to grind the weld surface as long as 
the weld surface is in accordance with applicable 
specifications and as long as the weld contour 
blends into the base metal without undercutting. 
If a specific finish is required, liquid penetrant 
inspections may be made before the finish is 
made, in order to detect defects that extend 
beyond the final dimensions; but a final liquid 
penetrant inspection must be made AFTER the 
specified finish has been given. 

Before using a liquid penetrant, clean the 
surface of the material-including areas adjacent 
to the inspection area-very carefully. You can 
clean the surface by swabbing it with hot water, 
by swabbing it with a clean, lint -free cloth sat- 
urated in a nonvolatile solvent, or by dipping the 
entire piece into a solvent. After the surface has 
been cleaned, all trace of the cleaning materials 
must be removed. It is extremely important to 
remove all dirt, grease, scale, lint, salts, or 
other material, and to make sure that the surface 
is entirely dry before the liquid penetrant is 
used. 

The temperature of the liquid penetrant and 
of the piece to be inspected MUST be maintained 
in the temperature range of 50° to 100° F. Do 
NOT attempt to use liquid penetrant when this 
temperature range cannot be maintained. Do 
NOT use an open flame to increase the tempera- 
ture, since the liquid penetrant materials are 
flammable. 

After thoroughly cleaning and drying the sur- 
face, coat the surface with the liquid penetrant. 
The penetrant may be sprayed on or brushed on,or 
the entire piece may be immersed in the pene- 
trant. In order to allow time for the penetrant to 
get into all cracks, crevices, or other defects that 
are open to the surface, the surface of the piece 
must be kept wet with the penetrant for a 
minimum of either 15 minutes or 30 minutes, 
depending upon the type of penetrant being used. 
Follow the instructions furnished by the manu- 
facturer of the penetrant concerning the length 
of time the surface must be kept wet. 

One type of fluorescent penetrant (Type IV) 
requires the application of an emulsifier. The 
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dye penetrants and the other type of fluorescent 
penetrant do not require an emulsifier. 

After keeping the surface wet with the 
penetrant for the required length of time, re- 
move the penetrant from the surface, following 
the instructions given by the manufacturer of 
the penetrant. Then dry the test surface com- 
pletely. Drying can be accomplished by using 
circulating air, by blotting the surface with paper 
towels or with clean, lint-free cloths. In drying 
the surface, be very careful to avoid contamina- 
ting the surface with oil, lint, dust, or other ma- 
terials that would interfere with the inspection. 

After the surface has been dried, another 
substance (calleda "developer") must be applied. 
The developer (powder or liquid) must be allowed 
to stay on the surface for a minimum of 7 minutes 
before the inspection is started. It can be left 
on no longer than 30 minutes, thus allowing a 
total of 23 minutes to conduct the inspection. 

When dye penetrants are used, the lighting 
in the test area must be bright enough so that 
you can see any indications of defects shown on 
the test surface. When fluorescent penetrants 
are used, the inspection must be made under 
an ultraviolet lamp of a specified brilliance, 
with the other parts of the test area kept in 
darkness. 

The indications observed during a liquid 
penetrant inspection must be carefully inter- 
preted and evaluated. In almost any inspection, 
some false indications are present. In most 
cases, these false indications are caused by 
failure to remove all penetrant from the surface. 
At least 10 percent of all indications must be 
removed from the surface to determine whether 
defects are actually present or whether the in- 
dications are merely caused by penetrant that 
has not been removed. If a second liquid pene- 
trant inspection does not reveal indications in 
the same locations, it is usually safe to assume 
that the first indications were not really indica- 
tions of defects. 

All penetrant inspection materials must be 
removed as soon as possible after the final in- 
spection has been made. Use water or solvents, 
as appropriate. 

A number of safety precautions must be 
observed in working with liquid penetrant ma- 
terials. Since the materials are flammable, they 
must not be used near open flames and they must 
not be applied to any surface which is at a 



temperature higher than 100° F. In addition to 
being flammable, many of the solvents are 
poisonous, in the vapor form, and highly ir- 
ritating to the skin, in the liquid form. All 
penetrant inspection materials must be handled 
with due regard for their hazardous nature. 

RADIOGRAPHIC INSPECTION 

For certain applications, it is essential that 
the interior as well as the surface of the part be 
free from harmful defects. To detect internal 
defects, the metal working industry relies 
heavily on an inspection method known as radio- 
graphy. In this inspection method, an invisible 
beam of radiant energy is passed through the 
metal onto a photographic film. The degree to 
which a given source of radiation penetrates 
the metal and induces changes in the film de- 
pends on the kind and thickness of the material 
from which the part is made. Less dense ma- 
terials permit greater penetration than those 
having greater density. 

Film exposed to radiant energy undergoes a 
chemical change. The greater the amount of 
radiant energy passing through the material 
being tested and striking the film, the darker 
or more dense the negative will be at that point. 
If a greater percentage of the beam passes 
through one portion of the test piece than through 
another, that portion of the film will have greater 
density than other parts of the film. The pro- 
portion of radiant energy passing through a 
defective area differs from that passing through 
sound metal. Consequently, the film density rep- 
resenting the defective area differs from that of 
the rest of the metal. These differences in 
film density are the basis for detecting defects 
by radiographic inspection. For example, a 
cavity appears on the developed film as a dark 
area; any inclusion having greater density than 
the base metal appears as a light area. 

Either gamma rays emitted by a naturally 
radioactive substance like radium (or certain 
isotopes of uranium and cobalt) or X-rays 
generated in a special tube may be passed 
through metal to produce a radiograph or 
shadow picture. Just as visible light rays pass 
through a glass window pane, X-rays have the 
ability to penetrate most transparent materials. 
Gamma rays and X-rays have this property 
because their wavelength is extremely short. 
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The radiographic equipment furnished re- 
pair ships, tenders, and shore stations is a 
275-kilovolt-peak (KVP) -10 MA, portable X-ray 
machine. As may be seen from figure 12-5, the 
equipment consists of three principal units plus 
electrical cable and water hose. The power sup- 
ply and cooling unit shown in part A converts 
220-voit or 440-volt, three-phase 60-cycle cur- 
rent from the power source to 2000-cycle, 
single-phase current; it also circulates a coolant 
through the X-ray tube head (part B) by means 
of a radiator, water pump, and interconnecting 
hose. 

The master control (shown in part A of 
fig. 12-5), when properly set up with the power 
supply and tube head (see fig. 12-6), provides 
the means for energizing and adjusting the 
kilovoltage and milliamperage of the tube head. 
By means of a timer, the elapsed time of ex- 
posure is automatically indicated and the tube 
head is deenergized at the completion of the 
exposure. Indicating instruments show the kilo- 
voltage and milliamperage of the X-ray beam 
emerging from the X-ray tube window. 

A transformer within the head assembly 
converts low voltage to the kilovoltage required 
for the production of X-rays by the X-ray tube 
located in the head. The unit also contains a 
heat exchanger and blower for removing heat 
from the transformer and X-ray tube parts. The 
head is charged with an insulating gas (sulfur 
hexaf luoride) to prevent electrical leakage. The 
tube which actually produces the X-rays is a 
vacuum tube containing a negative and a posi- 
tive terminal. The negative terminal is a 
filament which provides a source of electrons; 
the positive terminal is a target at which the 
stream of electrons is focused. A high voltage 
applied to the tube drives electrons from the 
cathode or negative terminal, to the anode, or 
positive terminal. The higher the voltage, the 
greater the speed of the electrons. 

The principle of X-ray generation is il- 
lustrated in figure 12-7. Heat and X-rays are 
generated when rapidly moving, negatively 
charged particles (electrons) collide with a 
mess of matter. The sudden stop transforms 
the energy of motion (kinetic energy) of the 
electron into radiant energy. The faster the 
particles are moving, the shorter the wave- 
length of the X-rays. The greater the current 
(milliamperes), the greater the intensity of the 




PART A - MASTER CONTROL, POWER 
AND COOLING UNIT. 




PART B -FRONT VIEW OF X-RAY 
TUBE HEAD. 




PART C- REAR VIEW OF X-RAY TUBE 

HEAD - 18.83 
Figure 12-5.— Portable X-ray unit for radio- 
graphic inspection of metals. 
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Figure 12- 6.- Connections 

radiant energy produced. Most of the kinetic 
energy is transformed into heat; only a small 
portion is transformed into electromagnetic 
waves (X-rays) having the ability to travel in 
straight lines without displacing the matter 
through which they pass. 

The manner in which the several units of the 
portable X-ray equipment are interconnected is 
shown in figure 12-6. A complete description 
of this setup, as well as the details for the opera- 
tion and care of the equipment, is presented in 
the handbook furnished with the machine. Only 
qualified personnel who have had special training 
may operate this equipment. 

X-rays are potentially dangerous. Over- 
exposure may result in burns, ulcers, anemia, 
and leukemia, depending on the amount and kind 
of exposure. When the X-ray unit is operating, it 
is essential that all personnel, including the 
operator, be no less than 20 feet away from the 
X-ray tube unless a heavy bulkhead or lead 
shielding is provided between the radiation 
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for portable X-ray machine. 

sources and the operating personnel. Before the 
unit is energized, the area in which the radio- 
graph is to be made must be completely cleared 
of all personnel. Secondary radiation scattered 
from the test piece or from nearby objects may 
be as dangerous as the direct radiation from the 
beam itself. 

The best radiation safety precaution is 
distance between yourself and the radiation 
source. Distance is an important factor be- 
cause the intensity of radiation varies in- 
versely with the distance from the radiation 
source. Like a beam of light from a flashlight, 
X-rays cover an increasingly large area with 
lessened intensity as they travel from the 
source. When the distance from the radiating 
source is doubled, the area covered by the beam 
is quadrupled. At the same time, the intensity per 
unit area is only one -quarter of the value at the 
original distance. At a considerable distance, 
therefore, the area covered by the beam maybe 
tremendously large but the intensity of the beam 
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Figure 12-7.— Principle of X-ray generation. 

will be relatively slight. The intensity at any 
given distance depends, of course, upon the in- 
tensity of the radiation source. 

Even if you are not given the special training 
required for all operators of this equipment, 
you should have some knowledge of how to in- 
terpret the results of radiographic examinations. 
Interpretation of the results is made on the 
basis of radiographic standards published by 
the Naval Ship Systems Command. These stand- 
ards are available at each ship or station having 
X-ray equipment. To interpret a radiograph, 
you mentally compare it with the specifications 
given in the radiographic standards. The stand- 
ards cover gas pockets, blow holes, sand spots, 
inclusions, and other defects. 

You will have considerable trouble inter- 
preting a radiograph unless you are familiar 
with the design of the part being inspected. Dif- 
ferences in thickness of the metal cause varia- 
tions in the density of the radiograph. It is 



easy to confuse these normal differences with 
the differences that show up because of defects 
in the metal. 

When you are interpreting a radiograph, 
remember that it is a shadow picture. like any 
shadow cast by an object under visible light, 
the radiograph of a specimen is subject to 
distortion. As you know, a shadow cast by 
your body depends on the relative positions of 
your body and the light source, as well as on the 
geometrical position of the surface upon which 
the shadow is cast. In the same way, the geo- 
metrical relationship between the source of 
radiant energy, the defect, and the film deter- 
mines the extent to which the shadow cast by 
the defect is distorted. 

The defects most frequently detected in steel 
through the use of X-ray are slag inclusions, 
porosity, cracks, shrinkage, hot tears, and in- 
complete fusion in two layers of weld metal. 
Because these defects are less dense than the 
surrounding steel, they absorb a smaller pro- 
portion of the X-ray beam passing through the 
metal; therefore they show up on the radiograph 
as darkened areas. 

Although the standard plates are valuable 
guides for determining acceptability, the person 
viewing the plates must interpret them largely 
on the basis of his own past experience. Also, 
he must make sure that the radiograph was 
properly exposed and developed. A faulty pro- 
cedure may result in a negative showing apparent 
defects, when in fact the weld is sound. For this 
reason, acceptance or rejection of an inspected 
item is the responsibility of a qualified, radio- 
graphic inspector. 

Frequently an unacceptable part or weld can 
be salvaged by chipping or grinding out the de- 
fects and repairing the area by welding. When 
repaired, the part must be reradiographed to 
determine the acceptability of the repaired area. 
Before being ground or chipped, indications of 
defects must be accurately interpreted; other- 
wise, you may grind into or through a perfectly 
good section. 

ULTRASONIC TESTING 

In addition to radiography, ultrasonic tests 
are used for inspecting the interior of metal and 
welds. Defects lying throughout the thickness or 
depth of a weld are easily detected. 
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Several techniques for the ultrasonic testing 
of metals have been developed within the past few 
years and are now widely used in industry and 
in the Navy. 

Some of the defects detectable by ultrasonic 
inspection are cracks, lack of fusion, slag in- 
clusions, porosity, laminations, and incomplete 
penetration. The following section gives only 
basic information on the principle of ultrasonic 
weld inspection. 

The term "ultrasonic* means vibrations or 
sound waves whose frequencies are greater than 
those which affect the human ear (greater than 
about 20,000 cycles per second). The Navy uses 
equipment which has, for practical purposes, a 
frequency range between 500,000 cycles per 
second and 5,000,000 cycles per second. 

The ultrasonic testing equipment, shown in 
figure 12-8, includes a transmitter and a trans- 
ducer. High-frequency electric energy from the 
transmitter is transformed into high-frequency 
mechanical energy by the transducer. If the 
transducer is held against a piece of metal with 
some oil or grease (called a couplant) between 
the contacting surfaces to prevent air from re- 
maining between them, the high-frequency me- 
chanical energy, in the form of high-frequency 
sound, is transmitted into and through the metal. 
After entering the metal, the sound travels in 
straight lines in what is called the "beam path." 
When the beam strikes the far surface of the 
piece or strikes the boundary of a defect and re- 
flects back toward the transducer, it leaves the 




metal in the same area it entered, travels through 
the couplant, and enters the transducer where it 
is converted back to electrical energy. It is 
then related to an amplifier. The beam is then 
presented on a cathode ray tube (CRT) screen as 
vertical deflections of the base line. Figure 12-9 
is a block diagram showing this principle. 

The cathode ray tube face shows a base line 
of light along the lower part of the face. The 
"bounce" between the transducer and the metal 
is shown as a peak rising from this line at the 
left or "start" position. It takes a certain amount 
of TIME for a signal or beam to travel through 
the metal, and approximately the same amount 
of time to bounce back. This "time" is calibrated 
along the base line as "distance," or as the 
"distance traveled by the beam front in a certain 
time." If a test piece has a certain thickness 
and no defects, the CRT screen would show 
the "start" position peak somewhere on the left 
of the base line and another peak to the right on 
the base line at a distance proportional to the 
thickness of the piece. The relationship of the 
actual thickness of the test piece to the distance 
shown on the base line may be determined from 
the calibration settings on the instrument. These 
two peaks will be relatively high on the screen 
and will represent the beam entrance into the 
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Figure 12-8.— Ultrasonic testing equipment. 
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Figure 12-9. — Principles of ultrasonics. 
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piece and reflection from the opposite surface, 
respectively. If there were a defect between the 
two surfaces, SOME of the beam would BOUNCE 
from the boundaries of the defect and would show 
on the CRT somewhere along the base line and 
between the surface indications, usually as a 
smaller peak. 

If the defect shows at a point 3/8 of the dis- 
tance along the base away from the entrance peak, 
then the defect will actually lie 3/8 of the thick- 
ness of the piece from the entrance surface. 
If the piece were 1 inch thick then the defect 
would lie 3/8 inch below the surface. If the de- 
fect peak is high, the defect is large (in a plane 
90° from the beam), and if the peak is small, 
then the defect is small. If the defect is larger 
than the beam diameter, the defect surface will 
bounce back ALL the beam, and the "back re- 
flection" peak will disappear. If the defect is 
smaller than the beam diameter, some of the 
beam will be stopped and bounced by the defect, 
and some will go on and be bounced by the back 
of the piece. The CRT will then show the near- 
surface peak, the small intermediate peak, and 
a slightly reduced peak (at the back or far side 
of the piece) at the right, or designated one -inch 
point, on the base line. 

To determine the size of a defect, and where 
possible, evaluate the nature of the defect, some 
reference or standard for comparison (commonly 
called a calibration block) is absolutely neces- 
sary. The most common practice is to use a 
sample piece of material with a hole drilled in it 
and compare defect signals obtained from the 
piece to be tested with the signals obtained from 
the calibration block. Calibration is the most 
important part of ultrasonic testing. 

Detecting, locating, and measuring defects 
are the major requirements for weld inspection. 

When testing welds for defects, the greatest 
direct reflection of sound possible should be 
used. This is easily done if the defects have a 
boundary which lies parallel to the plane upon 
which the transducer rests, and the face of the 
transducer lies flat upon that plane. Such place- 
ment results in a longitudinal beam with its 
axis normal to the surface boundary. To ob- 
tain the greatest direct reflection, sound should 
strike a surface boundary or defect boundary at 
right angles to its plane. So a means of meeting 
this condition must be provided. This is usually 



done by securing a wedge of solid material to 
the transducer. 

As can be seen in figure 12-10, the sound 
beam passes through the wedge and enters the 
part to be tested at an angle. The sound beam will 




Figure 12-10. — Angle beam testing. 
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Figure 12- 11. -Scanning of a weld. 
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continue to bounce at this angle until it is 
completely scattered or absorbed by the ma- 
terial. Weld inspections are performed when 
the sound has made only one or two bounces. 
If a flaw is present in the weld, as indicated 
in figure 12-10, some of the sound beam will 
reflect back and show up as an indication on 
the cathode ray tube (CRT) screen. 

The best scanning method is to move the 
search unit forward and backward, alternately 



approaching and moving away from the weld a 
distance sufficient to permit the sound to pass 
through the full thickness of the plate and the 
weld in an upward and downward path. Also the 
search unit is moved parallel to the weld itself, 
as shown in figure 12-11. Thus, the complete 
volume of the weld is scanned, following the 
same pattern along the weld, as shown by the 
dotted line in figure 12-11. 
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CUTTING 



This chapter deals with methods of cutting 
metal by utilizing heat and using equipment 
similar to that used for welding. The source 
of heat may be a flame or an electric arc. The 
results obtained by using these cutting methods 
range from a ragged, inaccurate edge to an 
edge so smooth that it appears to have been 
machined. The material being cut, the cutting 
method used, and the skill of the operator are 
among the factors which determine the final 
result. 

OXYACETYLENE CUTTING 

Oxyacetylene cutting is the most commonly 
used method of cutting ferrous metals by the 
application of heat. The principle of oxyacety- 
lene cutting is simple. The metal is heated to 
its ignition temperature by oxyacetylene flames. 
Then a jet of pure oxygen is directed at the hot 
metal, and a chemical reaction known as OXIDA- 
TION takes place. Oxidation is a familiar 
chemical reaction. When it occurs rapidly, it is 
called COMBUSTION or BURNING; when it 
occurs slowly, it is called RUSTING. When metal 
is being cut by the oxyacetylene torch method, 
the oxidation of the metal is extremely rapid- 
in short, the metal actually burns. The heat 
liberated by the burning of the iron or steel melts 
the iron oxide formed by the chemical reaction, 
and also heats the pure iron or steel. The 
molten material runs off as slag, exposing more 
iron or steel to the oxygen jet. 

In oxyacetylene cutting, only that portion 
of the metal which is in the direct path of the 
oxygen jet is oxidized. Thus a narrow slit 
(called a KERF) is formed in the metal as the 
cutting progresses. Most of the material re- 
moved from the kerf is in the form of oxides 



(products of the oxidation reaction); the re- 
mainder of the material removed from the kerf 
is pure metal which is blown or washed out of 
the kerf by the force of the oxygen jet. 

Since oxidation of the metal is a vital part 
of the oxyacetylene cutting process, this proc- 
ess is not suitable for metals which do not 
oxidize readily. Low carbon steels are easily 
cut by the oxyacetylene cutting process; but 
special techniques (described later in this 
chapter) are required for the oxyacetylene 
cutting of many other metals. 

The walls of the kerf formed by oxyacety- 
lene cutting should be fairly smooth and parallel. 
When you develop skill in handling the torch, 
you will be able to hold the cut to within reason- 
ably close tolerances. Also, you will be able to 
guide the cut along straight, curved, or irregular 
lines, and to cut bovels or other shapes which re- 
quire holding the torch at an angle. 

OXYACETYLENE CUTTING TORCHES 

The standard cutting torch looks very 
much like the oxyacetylene welding torch. The 
main difference in the two torches is that the 
cutting torch has an extra tube for high pres- 
sure (cutting) oxygen. The flow of high pressure 
oxygen can be controlled from a valve or trigger 
assembly on the handle of the cutting torch. A 
standard cutting torch is shown in figure 13-1. 

Some welding torches are furnished with a 
cutting attachment which may be fitted to the 
torch in place of the welding head. With this type 
of attachment (shown in fig. 13-2), the welding 
torch may be used as a cutting torch. 

Cutting tips are made of copper or of tel- 
lurium-copper alloy. They are of the same gen- 
eral design as the tip shown in figure 13-3, 
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Figure 13-1.-Standard 

whether they are used on the standard cutting 
orch or on the cutting attachment to the welding 
:orch. The central opening or orifice in the tip 
s for the jet or stream of high pressure oxygen 
hat does the cutting; the smaller orifices are 
:or oxyacetylene flames used for preheating 
he metal to its ignition temperature. There 
ire usually four or six of these preheat ori- 
ices in each oxyacetylene cutting tip; however, 
jome heavy-duty tips have many more preheat 
>rifices. 

Cutting tips are furnished in various sizes. 
n general, the smaller sizes are used for cut- 
ing thin metal and the larger sizes are used 
:or cutting heavy metal. Tip sizes are iden- 
ified by numbers. When numbers such as 000, 
)0, 0, 1, 2, 3, 4, and 5 are used to identify tip 
sizes, the lower numbers indicate the smaller 
ips; for example, a 000 tip is smaller than a 
lumber 1 tip, and a number 1 tip is smaller 
han a number 5 tip. Some manufacturers iden- 
ify cutting tips by giving the drill size number 
)f the orifices. Large drill size numbers in- 
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oxyacetylene cutting torch. 

dicate small orifices; for example, drill size 
64 is smaller than drill size 56. 

In military specifications and standards, 
oxyacetylene cutting tips are identified by three - 
part numbers. The first part is the tip size 
(0, 1, 2, 3, etc.). The second part is the drill 
size number of the orifice for the cutting 
oxygen. The third part is the drill size number 
of the preheat orifices. For example, the num- 
ber 1-62-64 identifies a number 1 tip with a 
cutting oxygen orifice of drill size 62 and pre- 
heat orifices of drill size 64. 

Table 13-1 gives tip numbers, orifice sizes, 
and approximate cutting ranges of various 
sizes of oxyacetylene cutting tips. 

OXYACETYLENE CUTTING OPERATIONS 

Before beginning any oxyacetylene cutting 
operation, be sure that you have selected the 
right size tip for the job. Follow the manufac- 
turer's recommendations concerning tip sizes 
to use for different kinds of work. The oxygen 
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Figure 13 -2. -Cutting attachment for an oxyacetylene welding torch. 



and acetylene pressures to be used with various 
sizes of tips are also given by the manufacturer. 

Before fitting a cutting tip into the torch 
head, inspect the tip carefully to be sure that 
it is clean, that the orifices are not clogged 
with slag, and that the orifices are not distorted. 
The stream of cutting oxygen sometimes blows 
slag and molten metal into the orifices, clogging 
them. It is very important to remove all this 
material from the orifices before using the tip; 
even a very small amount of slag or metal in an 
orifice will seriously interfere with the cutting 
operation. 

Tip cleaners supplied by the manufacturer 
should be used for cleaning tips. Do not use twist 
drills, wire, or other improvised tools for 
cleaning tips, as these are very likely to en- 
large and distort the orifices. 

Occasionally the cleaning of the tips will 
cause enlargement and distortion of the orifices 
even if the proper tip cleaners are used. If 
the orifices become belled for a very short 
distance at the end, it is sometimes possible 
to correct this condition by rubbing the tip 
back and forth against emery cloth on a flat 



surface. This wears down the end of the tip 
where the orifices have been belled, thus 
bringing the orifices back to their original 
size. Obviously, this procedure would not work 
if the enlargement is very great or if the bel- 
ling extends more than a slight distance into the 
orifice. 

After reconditioning a tip, test it by lighting 
the torch and observing the preheating flames. 
If the flames are too short, the orifices are still 
partially blocked. If the flames snap out when 
the valves are closed, the orifices are still 
distorted. 

If the tip seat is dirty or scaled so that it 
does not fit properly into the torch head, heat 
the tip to a dull red and quench it in water. 
This procedure will loosen the scale and dirt 
enough so that they can be rubbed off with a 
cloth and the seat can be polished with a pencil 
eraser. 

Cutting Low Carbon Steel 

To cut low carbon steel with the oxyacety- 
lene cutting torch, adjust the preheating flames 
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Figure 13-3.-Oxyacetylene cutting tip. 

to neutral. Hold the torch perpendicular to the 
work, with the inner cones of the preheating 
flames about 1/16 inch above the end of the 
line to be cut, as shown in figure 13-4. Hold 
the torch in this position until the spot you are 
heating is a bright red. Open the cutting oxygen 
valve slowly but steadily. If the cut is being 
started correctly, a shower of sparks will fall 
from the opposite side of the work, indicating 
that the cut is going all the way through. Move 
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Figure 13 -4. -Position of torch tip for 
starting a cut. 

the cutting torch forward along the line just 
fast enough for the cut to continue to penetrate 
the work completely. If you have made the cut 
properly, you will get a clean, narrow cutwhich 
looks somewhat like one made by sawing. When 
cutting round bars or heavy sections, you can 
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Tip Identification 


Cutting Oxygen 
Orifice (Drill 
Size) 


Preheat Orifices 


1 

Approximate Cutting Range, 
Straight Edge Cutting Of 
Medium Steel (Inches) 


Drill Size 


How Many 


1-62-64 


62 


64 


4 


1/8 to 1/2 


2-56-62 


56 


62 


4 


1/4 to 1 1/4 


3-52-59 


52 


59 


4 


1 to 2 1/2 


4-43-57 


43 


57 


6 


2 to 6 


5-30-56 


30 


56 


6 


6 to 12 
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save time and gas if you raise a small burr 
with a chisel where the cut is to start. This 
small raised portion will heat quickly, and cut- 
ting can be started immediately. 

If you have a cut to start from the center 
or some portion of metal other than the edge, 
use the following method for starting the cut. 
Preheat to a bright red the spot on the sur- 
face where the cut is to start. Tilt the torch 
at an angle of about 45° from the perpen- 
dicular, in line with the direction of the cut. 
Open the cutting oxygen valve very slowly. 
As the torch begins to cut, start righting it 
to a perpendicular to the surface of the plate. 
Continue to right the position of the torch 
gradually as it cuts until it is at 90° to the 
surface of the plate and is cutting all the way 
through. Move it forward along the line of cut 
as fast as complete penetration can be ac- 
complished. If you do not follow this procedure, 
you are likely to blow the slag back on the 
cutting tip, clogging the orifices or otherwise 
damaging the equipment. 

When you have started a cut, move the 
torch slowly along the cutting mark or guide. 
As you move the torch along, watch the cut 
so you can tell how it is progressing. Make 
torch adjustments if necessary. You must move 
the torch along at the right speed. If you go too 
slowly, the preheating flame will melt the 
edges along the cut and may even weld them 
back together at the top surface. If you go 
too fast, the oxygen will not penetrate com- 
pletely through the metal, the cut will be in- 
complete, and you will have to close the cutting 
oxygen valve and start the entire operation over 
again at the beginning of the partially cut area. 

Beveling Plate 

You will frequently have to cut bevels to form 
joints for welding. To make a bevelcutof 45° in 
1-inch steel, the flame must actually cut through 
1.4 inches of metal. Consider this when selecting 
the tip and adjusting the valves. You will have to 
use more pressure and less speed for a bevel 
cut than for a straight cut. 

When you are bevel cutting, adjust the tip 
so that the preheating orifices are lined up for 
efficient preheating. A piece of 1-inch angle 
iron, clamped with the angle up, makes an 
excellent guide for beveling straight edges. Pull 



the torch along the guide as shown in figure 
13-5. 

If you are aboard a repair ship or a tender, 
you may have a cutting machine similar to the 
one in figure 13-6. This is a motor-driven cut- 
ting machine designed to support the cutting 
torch and guide it along the line of cut. It can 
be set to make uniformly clean cuts or bevels 
on steel plate. Straight -line cutting or beveling 
is done by guiding the machine along a straight 
line on steel tracks. Arcs and circles are cut 
by guiding the machine with a radius rod 
pivoted about a center point. 

Cutting and Beveling Pipe 

When you are cutting off a piece of pipe, 
keep the torch pointed toward the center line of 
the pipe. Start the cut at the top and cut down 
one side. Then begin at the top again and cut 
down the other side, finishing at the bottom of 
the pipe. The procedure is shown in figure 13-7. 

Pipe cutting with the cutting torch requires 
a steady hand to get a good bevel-one that is 
smooth and true. Do not try to cut and bevel a 
heavy pipe in one operation until you have 
developed considerable skill. Cut the pipe off 
square first, then bevel it; this will produce a 
cleaner and better job for the inexperienced 
burner. 

Sometimes it is necessary to make T andY 
fittings from pipe. Here the cutting torch is a 
most valuable tool. The usual procedure for 
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Figure 13-6.-Bevel cutting on a circular path 
with special cutting machine. 

fabricating pipe fittings is to develop a pattern 
like that shown in figure 13-8. 

After the pattern is developed, it is wrapped 
around the pipe as illustrated in figure 13-8. 
Be sure to leave enough stock so that the ends 
will overlap. Trace around the pattern with 
soapstone or a scriber. It is a good idea to mark 
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Figure 13-7.-Cutting pipe with oxyacetylene 
cutting torch. 
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Figure 13-8.-Fabricating a T. 



the outline with a prick punch at about l/4-inch 
intervals. When the metal is heated during the 
cutting procedure, the punch marks will stand 
out, making it easier to follow the line of cut- 
Place the punch marks so that they will be re- 
moved during cutting. If punch marks are not 
removed, they provide notches from which 
cracking may start. 

An experienced burner can cut and bevel 
pipe at a 45° angle in one operation. A man with 
little experience may have to do the job in two 
steps. The first step is to cut the desired part 
at a 90° angle. The second step is to bevel the 
edge of the cut to a 45° angle. When employing 
the two-step procedure, another line must be 



25* 



BOILERMAKER 1 & C 



marked on the pipe. This second line follows 
the contour of the line traced around the pattern, 
but it is drawn away from the original pattern 
line at a distance equal to the pipe wall thick- 
ness. The first (or 90°) cut in thetwo-step pro- 
cedure is made along the second line. The 
second (or 45°) cut is made along the original 
pattern line. The two-step procedure is time 
consuming and uneconomical in terms of oxygen 
and acetylene consumption. 

The one-step cutting and beveling procedure 
is not complicated, but a steady hand and a great 
deal of practice are necessary to turn out a first 
class job. The one -step procedure for cutting 
and fabricating a T is illustrated in figure 13-8. 
Part A of figure 13-8 outlines the step by step 
procedure for producing the branch; part B 
shows the steps for preparing the other section 
of the T; and part C shows the assembled T, tack 
welded and ready for welding. 

Step 3 under part A shows the procedure for 
cutting the miter on the branch. The cut is 
started at the end of the pipe andworked around 
until one-half of one side is cut. The torch is 
manipulated so that at all times the tip is at an 
angle of 45° to the surface of the pipe along the 
line of cut. While the tip is at a 45° angle, the 
torch is moved steadily forward and at the same 
time the butt of the torch is swung upward through 
an arc. This torch manipulation is necessary to 
keep the cut progressing in the proper direction, 
and to produce a bevel that will be 45° at all 
points on the miter. The second portion of the 
miter is cut in the same manner as the first. 

The torch manipulation necessary for cut- 
ting the run of the T is shown in steps 3 and 4 
in part B of figure 13-8. Step 3 shows the torch 
angle for the starting cut. At step 4, the cut 
has progressed to the lowest point on the pipe. 
Here the angle has been changed to get around 
the sharp curve and start the cut in an upward 
direction. The completed cut for the run is 
shown in step 5 (part B, fig. 13-8.) 

Before the parts of any fabricated fitting 
are assembled and tack welded, be sure to 
clean the slag from the inner pipe wall and check 
the fit of the joint. The bevels must be smooth 
in order to allow complete fusion when the joint 
is welded. 



Piercing Holes 

The cutting torch is also a valuable tool for 
piercing holes in steel plate. The steps are il- 
lustrated in figure 13-9. Lay the plate out on 
two firebricks so that the flame will not hit 
something else when it burns through the plate. 
Hold the torch over the hole location with the 
tips of the inner cone of the preheating flames 
about 1/4 inch above the surface of the plate. 
Continue to hold the torch in this position until 
a small round spot has been heated to a bright 
red. Open the cutting oxygen valve very gradually 
and at the same time slightly raise the nozzle 
away from the work to keep from blowing slag 
back into the cutting tip. As you start raising the 
torch and opening the oxygen valve, start rotating 
the torch with a spiral motion. This will cause 
the molten slag to be blown out of the hole: The 
hot slag may fly around, so BE SURE that your 
goggles are well fitted to your eyes and face, and 
avoid having your head directly above the cut. 

If you need a larger hole, outline the edge of 
the hole with apiece of chalk, andfollow the pro- 
cedure given above. Start the cut from the hole 
that you have pierced by moving the preheating 
flames to the normal distance and working to 
and following the line that has been drawn on the 
plate. Round holes can be made by using a cutting 
torch with a radius bar attachment. 
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Figure 13-9.-Piercing a hole with 
oxyacetylene cutting torch. 
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Cutting Rivets 

When you are required to remove rivets 
from plates that are to be disassembled, you 
will find the cutting torch a good tool. The cut- 
ting procedure is shown in figure 13-10. Use 
the preheating flames of the cutting torch to bring 
the head of the rivet up to the proper tempera- 
ture, then turn on the oxygen and wash off the 
head. The remaining portion of the rivet can 
then be punched out with a light hammer blow. 
The step by step procedure follows: 

1. Use the size of tip and the oxygen pres- 
sure required for the size and type of rivet you 
are going to cut. 

2. Heat a spot on the rivet head until it 
is bright red. 

3. Move the tip to a position parallel 
with the surface of the plate and slowly turn 
on the cutting oxygen. 

4. Cut a slot in the rivet head like the 
screwdriver slot in a roundhead screw. When the 
cut nears the plate, draw the nozzle back at 
least 1-1/2 inches from the rivet so that you 
will not cut through the plate. 

5. When you have cut the slot through to 
the plate, swing the tip through a small arc. This 
slices off half the rivet head. 



Preheotioq 
flames 





Preheotinq 



Slot cut in head as nozzle is 
drown \% inches away. 





Cuttinq oxygen! 



Half of head sl.ced off 



Remainder of head cut away 



11.134X 

Figure 13-10.-Using the cutting torch to 
remove head of a rivet. 



6. Then swing the tip in an arc in the 
other direction to slice off the other half of 
the rivet head. 

By the time the slot has been cut, the rest 
of the rivet head has usually been heated to 
cutting temperature. Just before you get through 
the slot, draw the torch tip back 1-1/2 inches 
to allow the cutting oxygen to scatter slightly. 
This keeps the torch from breaking through the 
layer of scale that is always present between the 
rivet head and the plate. It allows the head of the 
rivet to be cut off without damaging the surface 
of the plate. If you do not draw the tip away, you 
may cut through the film of scale and into the 
plate. 

A low -velocity cutting tip is best for cutting 
buttonhead rivets and for removing countersunk 
rivets. A low-velocity cutting tip has a cutting 
oxygen orifice with a large diameter. Above 
this orifice are three heating orifices. Always 
place a low-velocity cutting tip in the torch so 
that the heating orifices are above the cutting 
orifice when the torch is held in the rivet cut- 
ting position. 

To remove countersunk rivets from a ver- 
tical sheet or plate, use the method shown in 
figure 13-11 and follow these instructions: 

L Hold the torch horizontally and turn it 
so that the tip also points horizontally. 

2. Tilt the tip upward about 15° and hold 
the preheating flames on a point slightly below 
the center of the rivet head. 

3. When you get the area heated to a dull 
red, move the torch upward, still keeping the 
upward tilt, and open the cutting oxygen valve. 
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Figure 13-11. -Cutting a countersunk 
rivet with a low -velocity 
cutting tip. 
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4. Hold the torch steady with the cutting 
stream directed at the center of the rivet. As the 
rivet is cut away, the angle of the torch should be 
decreased until the tip is perpendicular to the 
sheet or plate and the cutting stream is directed 
at the center of the rivet. 

5. When you have cut through the head to 
the shank of the rivet, wash away the remainder 
of the head with one circular wiping motion. Al- 
ways move the torch so that the cutting stream 
will follow the preheat. 

6. The shank may then be removed by a 
light tap with a hammer and punch. 

Buttonhead rivets may be removed in the 
same manner as countersunk rivets with the low - 
velocity cutting tip. The process is illustrated 
step by step in figure 13-12. Remember that it 
is important to start below the center of the 
rivet head so that molten metal and slag will 
not be deposited on the plate. 

Cutting Wire Rope 

The oxyacetylene torch is sometimes used 
to cut wire rope. Wire rope is made up of 
many small strands. Since these strands do 
not form one solid piece of metal, you may 
have some difficulty in making the cut without 
unlaying the strands. In order to keep wire 
rope from unlaying, the rope is usually served 
with seizing wire on each side of the place to 
be cut. The number and placing of the servings 
depend on the use that will be made of the wire 
rope after it is cut. Instructions for seizing 
wire rope may be found in chapter 9270 (27), 
NavShips Technical Manual . 

Depending on the use that will be made of the 
wire rope after it is cut, you may want to cut it 
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Figure 13 -12. -Cutting buttonhead rivets 
with low -velocity cutting tip. 



so that the ends of the strands are separate or 
so that they are fused. As a rule, the ends of 
the strands do not fuse together when you cut 
wire rope with the oxyacetylene torch; if a 
few strands do become fused together, you can 
separate them by reheating the ends with the 
torch. If fusion of the ends is desired, this 
can be accomplished by carefully preheating the 
wire rope for some distance on each side of the 
place of cut. In general, it is much more dif- 
ficult to fuse the ends of the strands than to 
keep them separate. 

Wire rope is lubricated during fabrication 
and is frequently lubricated again during its 
service life. Be sure that all excess lubricant 
is wiped off the wire rope before you begin to 
cut it with the oxyacetylene torch. 

From time to time you will probably be re- 
quired to prepare and cut wire rope and then to 
pour molten zinc to attach a wire rope socket. 
(This procedure is sometimes described as 
"pouring a metallic splice.") Poured wire rope 
socket connections are used for many shipboard 
wire rope applications in which the connections 
must develop 100 percent of the minimum break- 
ing strength of the wire rope. The poured con- 
nection is made by inserting the cut end of the 
wire rope into a special socket, preheating the 
socket, and pouring molten zinc into an opening 
in the socket. The control of temperature during 
this operation is critical; the job must not be 
attempted by ships or field activities that do not 
have adequate temperature control equipment. 
Detailed instructions for making poured socket 
connections are given in chapter 9270 (27), Nav 
Ships Technical Manual . 

Special Oxyacetylene 
Cutting Techniques 

Carbon steels containing up to 1.0 percent 
carbon are easily cut with the oxyacetylene cut 
ting torch. Nonferrous metals, however, and 
ferrous metals such as cast iron, carbon steels 
containing more than 1.00 percent carbon, and 
many alloy steels can be successfully flame cut 
only if special techniques are used. These special 
techniques include using more intense and 
more widely distributed preheat; using different) 
flame adjustments; introducing iron or low 
carbon steel into the cutting area; varying the 
torch movements; and using fluxes. 
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PREHEAT. -Preheating the metal before 
jutting reduces the amount of oxygen and fuel 
fas required to make the cut. It also tends to 
>revent or minimize distortion and to prevent 
mrface hardness of the piece after the cut 
las been made. While preheating is helpful in 
iny cutting operation, it is essential for some of 
he metals and alloys which are not easily cut. 
The preheating temperatures generally used for 
>xyacetylene cutting range from 200° to about 
500° F, although considerably higher tempera - 
ures are occasionally used. 

Preheating is usually accomplished by using 
he preheating orifices in the cutting tip. Special 
ips having larger and more numerous pre- 
leating orifices are available for cutting cast 
ron and other materials which require intense 
ind widely distributed preheat. Preheating fur- 
Laces are sometimes used to bring heavy sec- 
ions to a uniform preheat temperature. 

FLAME ADJUSTMENT .-A neutral preheat - 
ng flame is used for most oxyacetylene cutting. 
Tor some metals, however, other flame adjust - 
nents give better results. For example, a highly 
jarburizing flame is used for preheating cast 
ron. The excess acetylene in the carburizing 
lame ignites when it combines with the cutting 
>xygen deep in the kerf, thus increasing both 
he intensity and the distribution of the preheat. 
?or cutting cast iron, the length of the feather 
m the preheating flame should be approximately 
>qual to the thickness of the cast iron. A slightly 
ess carburizing flame is used for cutting 
>tainless steels. 

INTRODUCTION OF IRON OR LOW CAR- 
SON STEEL.-Introducing iron or low carbon 
steel into the cutting area greatly simplifies the 
•utting of some metals. When the oxides of a 
netal have a higher melting point than the metal 
tself, the oxides protect the base metal from the 
rutting action of the oxygen; in such a metal, 
ntroducing iron or low carbon steel into the 
jutting area solves the problem because the 
rapid oxidation of the iron or steel liberates 
mough heat to melt the oxides which wouldother- 
vise interfere with the cutting. When alloying 
elements are responsible for the difficulty of 
rutting the metal, the introduction of iron or low 
rarbon steel reduces the percentage of these 



alloying elements and so makes the metal 
easier to cut. 

Several techniques are used to introduce 
iron or low carbon steel into the cutting area. 
An easily cut steel waster plate may be clamped 
firmly to the surface of the metal to be cut; a 
steel welding rod may be fed into the kerf as 
the cutting proceeds; a bead of low carbon 
steel may be deposited along the line of cut 
before the cut is made; or finely divided iron 
powder may be blown into the stream of cut- 
ting oxygen through special orifices in the cut- 
ting tip. 

Cast iron, chromium irons, stainless steels, 
and various alloys having small ferrous content 
can be successfully cut with the oxyacetylene 
torch when iron or low carbon steel is introduced 
into the cutting area. 

TORCH MOVE ME NTS .-For most oxyacety- 
lene cutting, the torch is moved steadily for- 
ward along the line of cut, as shown in part A 
of figure 13-13. Metals that are difficult to 
cut often require special torch movements. For 
example, the oscillating movement shown in 
part B of figure 13-13 is suitable for cutting 
thin sections of cast iron; part C shows the 
oscillating movement that is best for cutting 
heavier sections of cast iron. Part D shows 
the reciprocating (or back and forth) torch move- 
ment that is most effective for cutting stainless 
steels. 

FLUXES. -Although fluxes are not used for 
most oxyacetylene cutting, they are used for 
cutting stainless steels, chromium irons, and 
other metals that are hard to cut. Fluxes used 
for cutting are nonmetallic compounds in powder 
form. As the powdered flux is injected into 
the kerf, it reacts chemically with the oxides 
which have a higher melting point than the base 
metal. The result of this chemical reaction is a 
slag which melts at a lower temperature. The 
stream of cutting oxygen washes the molten slag 
out of the cut and exposes the base metal to the 
cutting action of the oxygen. 

Fluxes are introduced into the cut by means 
of an attachment to the standard cutting torch. 
The attachment, shown in figure 13-14, consists 
of a canister for holding the flux, a length of air 
hose, and a copper tube which is secured to the 
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Figure 13- 13. -Manipulation of oxyacetylene 
cutting torch. 



cutting torch with clamps. Air pressure forces 
the powdered flux into the kerf; the stream of 
cutting oxygen carries the flux deeper into the 
kerf. 

Judging the Quality of Oxyacetylene Cuts 

In order to know how good a job of cutting you 
are doing, you must know what constitutes a 
good oxyacetylene cut. In general, the quality of 
an oxyacetylene cut is judged by (1) the shape and 
length of the drag lines; (2) the smoothness of 
the sides; (3) the sharpness of the top edges; and 
(4) the amount of slag adhering to the metal. 



DRAG LINES. -Drag lines are the line mark- 
ings which show on the cut surfaces. Good drag 
lines are almost straight up and down, as shown 
in part A of figure 13-15. Poor drag lines are 
long and irregular or excessively curved, as 
shown in part B of figure 13-15; drag lines of 
this type indicate poor cutting procedure which 
may also result in loss of the cut (parts B and C 
of fig. 13-15). Drag lines are probably the best 
single indication of the quality of an oxyacetylene 
cut; if the drag lines are short and almost verti- 
cal, the smoothness of the sides, the sharpness 
of the top edges, and the slag conditions are al- 
most sure to be satisfactory. 

SMOOTHNESS OF SIDES.-A satisfactory 
oxyacetylene cut shows smooth sides. A grooved, 
fluted, or ragged cut surface indicates a cut of 
poor quality. 

SHARPNESS OF TOP EDGES. -The top edges 
resulting from an oxyacetylene cut should be 
sharp and square (part D, fig. 13-15). Rounded 
top edges such as those shown in part E of 
figure 13-15 are not considered satisfactory. 
Melting down of the top edges may result from 
incorrect preheating procedures or from moving 
the torch too slowly. 

SLAG CONDITIONS. -An oxyacetylene cutis 
not considered satisfactory if slag adheres so 
tightly to the metal that it is difficult to remove. 

Emergency Oxyacetylene Cutting 

The oxyacetylene cutting torch is sometimes 
used to make emergency cuts through bulkheads 
or through jammed doors or other closures. 
Portable oxyacetylene cutting outfits are kept 
in the damage control lockers, ready for im- 
mediate use. 

The decision to make emergency oxyacety- 
lene cuts on board ship is ordinarily made by an 
officer or by a senior petty officer. Emergency 
cuts should not be made until all other measures 
have proved to be impracticable. 

Before making an emergency cut with the 
oxyacetylene torch, find out what is on the other 
side of the bulkhead or door. NEVER cut into a 
tank which contains flammable or explosive sub- 
stances or which may contain flammable or 
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Figure 13-14.-Flux cutting attachment. 



11.138 



explosive vapors. Test the air inside the com- 
partment with a combustible gas indicator 
before cutting. If there is no other way to obtain 
a sample of air for testing, it may be possible 
to obtain a sample by running a hose through 
an air test fitting. Do not cut into structural 



members of the ship. Do not cut into spaces 
until you are sure that there is no person in 
the way of the cut on the other side of the door 
or bulkhead. Do not start an emergency cut with- 
out stationing firefighters and firefighting equip- 
ment close by. 
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Figure 13 -15. -Effects of correct and 
incorrect cutting procedures. 



Safety Precautions 

In all cutting operations, be careful to see 
that hot slag does not come in contact with any 
combustible material. Globules of hot slag can 
roll along a deck for quite a distance. Do not 
cut within 30 or 40 feet of unprotected combus- 
tible materials. If combustible materials cannot 
be removed, cover them with sheet metal or 
asbestos guards. Keep the acetylene and oxygen 
cylinders far enough away from the work so that 
hot slag will not fall on the cylinders. 

Many of the safety precautions discussed 
in chapters 8 and 10 of this training manual 
apply to cutting as well as to welding. Be sure 
that you are entirely familiar with all appropriate 
safety precautions before attempting any oxy- 
acetylene cutting operation. 

OXYGEN LANCE CUTTING 

The oxygen lance (fig. 13-16) is some- 
times used for piercing extremely heavy, thick 
sections of metal that cannot be satisfactorily 
cut by oxyacetylene or arc cutting methods. The 
oxygen lance is usually a length of black iron 
pipe, about 1/4 to 3/8 inch in diameter, with a 
valve and fitting on one end. A hose for the 
cutting oxygen is attached to the lance and to 
a source of high pressure oxygen. A reducing 
valve is used to regulate the amount of oxygen 
going to the lance. 

Metal to be pierced with the oxygen lance 
is preheated to a bright red in the spot where 
the hole is to be started. A welding torch with 
a large heating tip is good for this purpose. 
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Figure 13-16.-Using oxygen lance to pierce 
hole through 30-inch length 
of steel. 
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The end of the oxygen lance is then immedi- 
ately brought into contact with the metal to be 
cut, and the oxygen is turned on. The end of 
the oxygen lance is ignited by the heat of the 
preheated workpiece, and the heat liberated 
by the combustion of the black iron pipe pre- 
heats the metal ahead of it and allows the cut 
to continue. The lance itself (that is, the 
iron pipe) is consumed as the cut progresses. 
If possible, select an iron pipe that is long 
enough to complete the whole job; if this is 
not practicable, new lengths of pipe may be 
used as necessary. 

It is also possible to cut with the oxygen 
lance without preheating the metal. If this is to 
be done, the lance itself must be heated at the 
end with a torch or a burner so that the pipe 
will burn when the oxygen valve is opened. 

A great deal of hot metal spatter results 
from cutting or piercing metals with the oxygen 
lance. The operator must wear protective 
clothing, and a protective shield must generally 
be installed between the operator and the work. 

ARC CUTTING 

Arc cutting is a melting process rather than 
a burning process. The heat of the arc is used to 
melt the metal along the line of cut. This method 
of cutting does not produce cuts of as high quality 
as those produced by oxyacetylene cutting but 
has the advantage of being applicable to almost 
all metals (including nonferrous metals). 

Two arc cutting procedures are commonly 
used. CARBON ARC CUTTING is done with a 
carbon or graphite electrode. METAL ARC 
CUTTING is done with a covered metal elec- 
trode. Direct current and straight polarity are 
preferred for both of these types of arc cutting. 
Conventional arc welding power sources are used 
for both of these types of arc cutting. 

The procedure for arc cutting is shown in 
figure 13-17. When cutting thin plate (under 1/2 
inch), you do not need to manipulate the electrode 
except as required to maintain the arc and to 
advance the arc as the cut progresses (part A of 
fig. 13-17). When cutting heavier plate, manip- 
ulate the electrode with an up and down motion 
in the cut so as to displace the molten metal; 
keep the electrode at an angle to the plate (part 
B of fig. 13-17) so that the bottom of the plate 
is cut slightly before the top. In general, metal 
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Figure 13-17.-Techniques for arc cutting 
thin plate (part A) and heavy 
plate (part B). 

arc cutting is better than carbon arc cutting 
for cutting through heavy sections. Metal arc 
cutting is also generally preferred for rivet cut- 
ting and for hole piercing. 

Another arc cutting process is used for 
cutting aluminum alloys. This process is called 
GAS TUNGSTEN ARC CUTTING. A high tem- 
perature, high velocity arc is established be- 
tween the tungsten arc and the work piece. A 
shielding gas mixture of hydrogen and argon 
emerges from the nozzle at a sufficiently high 
velocity to blow the molten metal from the cut. 

Most of the safety precautions concerning 
arc welding that are given in chapter 8 of this 
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training manual also apply to arc cutting. Be 
sure that you are entirely familiar with all ap- 
propriate safety precautions before attempting 
any arc cutting operation. 

ARC -OXYGEN CUTTING 

Arc -oxygen cutting (sometimes called oxy- 
arc cutting) was developed primarily as an 
underwater cutting technique. It can also be used 
for cutting in air; however, the arc- oxygen proc- 
ess should be used for cutting in air only when 
no other means is available. Arc -oxygen cutting 
combines some of the features of arc cutting with 
some of the features of oxygen cutting. In the 
arc -oxygen process, an electric arc is used to 
heat the metal to its ignition temperature; a 
stream of oxygen then ignites the metal and re- 
moves the products of combustion from the cut. 

The cuts made by the arc -oxygen process 



are better than those made by carbon arc cutting 
or metal arc cutting, but they are not as good 
as those made by oxyacetylene cutting. In gen- 
eral, a slight amount of surface preparation 
must be given before welding pieces that have 
been cut by the arc- oxygen method. 

The electrodes used in arc -oxygen cutting 
have a tubular core (steel or ceramic) and are 
covered with an insulating material. The oxygen 
is carried to the work through the tubular opening 
in the electrode. A direct current welding gen- 
erator is the preferred source of power for arc - 
oxygen cutting. 

A variation of the arc- oxygen cutting proc- 
ess is known as ARC- AIR GOUGING. In arc- air 
gouging, carbon arc cutting is used in combina- 
tion with an air nozzle connected to a supply of 
compressed air. The nozzle directs an air 
stream to the metal which is heated by the 
carbon electrode, thus ejecting the molten metal. 
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You will be responsible for making sure that 
firerooms, boilers, andfireroom auxiliaries are 
maintained in the best possible condition at all 
times and are repaired as necessary. Basic in- 
formation on fireroom maintenance and repair 
is given in Boilerman 3 & 2, NavPers 10535-E. 
This chapter deals primarily with certain as- 
pects of fireroom maintenance and repair that 
are not covered in other chapters of this train- 
ing manual and that are not included in Boiler- 
man 3 & 2. 

The requirements for fireroom maintenance 
and repair are established by the Planned Main- 
tenance Subsystem; information on this system 
is included in chapter 3 of this training manual 
and in chapter 2 of Boilerman 3 & 2. The manu- 
facturers' technical manuals and Naval Ships 
Technical Manual are the basic references on 
maintenance and repair. Also, the blueprints and 
drawings that pertain to the ship's boilers and to 
the fireroom auxiliaries should be consulted 
before any major repair job is undertaken; these 
drawings are normally kept in the engineering 
log room. 

The maintenance record should be checked 
also; this will give you valuable information on 
the past history of the machinery and may give 
you clues as to the basic causes of recurring 
troubles. 

CARE OF BOILER FIRESIDES 

Boiler firesides must be cleaned after each 
600 hours of steaming. However, it is good en- 
gineering practice to enter the furnace after each 
steaming period, if practicable, to accomplish 
as much cleaning as necessary. In addition, each 
boiler should be hot -water washed a few weeks 
before a shipyard or major tender overhaul. The 



hot-water washing should be done at a time when 
it can be followed by a 100-hour steaming period 
with a boilder load of at least 10 percent. 

You will find that keeping the firesides clean 
will actually save work, as well as saving the 
boiler. Clean tubes do not collect deposits as 
readily as dirty tubes do. It is a good deal easier 
to clean the firesides several times when they 
are only slightly dirty than it is to clean them 
once when they are heavily coated with soot or 
carbon. 

The burning of any petroleum product tends 
to be incomplete, thus causing carbon deposits 
on the boiler firesides. These deposits seriously 
reduce the efficiency of aboiler. Slag contributes 
greatly to failure of such parts as superheater 
support plates, baffles, protection plates, and 
soot blowers. Deposits also act as insulation and 
prevent the transfer of heat to the water or steam 
in the tubes. 

Accumulations that block the gas passages 
through the tube banks require the use of high air 
pressures to force the combustion gases through 
the boiler, thus reducing fireroom efficiency. 
Accumulations that block the gas passages also 
interfere with the designed flow of combustion 
gases and cause extremely hot gases to flow 
over protection plates, baffles, seal plates, and 
other parts that are not designed for such high 
temperature gases. In some cases, early failure 
of these parts can be blamed directly on blocked 
gas passages and the resulting overheating of the 
parts. 

If soot is allowed to remain on the boiler 
firesides for any length of time, the sulfur in the 
soot combines with moisture and forms sulfuric 
acid. This acid attacks tubes, drums, and 
headers. The extent of the damage caused by 
acid attack depends upon the length of time the 
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soot remains on the tubes and upon the amount of 
moisture present during this interval. Moisture 
may be present because of high atmospheric 
humidity, rain or snow coming down the stack, 
leaky boiler tubes, and steam or water leakage 
through the boiler casing joints, particularly 
from machinery and piping installed above the 
boiler. One indication of soot corrosion may be 
the development of pinhole leaks at the point 
where the tubes enter the water drums and 
headers and at other points where it is difficult 
to clean the tubes properly. If soot corrosion is 
allowed to proceed unchecked, the result will be 
extensive deterioration of the boiler metals. 



Hot -water washing, wet-steam lancing, air 
lancing, and mechanical cleaning are used in 
various combinations to clean firesides. Detailed 
instructions for cleaning firesides are given in 
Boilerman 3 fc 2 , NavPers 10535-E. 

When boiler firesides are cleaned by hot- 
water washing, some method must be devised 
for draining off the used water and pumping it 
overboard. A fire and bilge pump should be lined 
up in advance and used to pump the water over- 
board. The method used to drain the water will 
depend upon the particular type of boiler instal- 
lation. Figure 14-1 shows a deck drain installa- 
tion used to drain off the used water. Other 
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Figure 14-1. -Drain for boiler furnace. 
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methods of draining off the used water must be 
used where this installation is not installed. 

After boiler firesides have been cleaned by 
hot -water washing or by steam lancing, the fire- 
sides must be thoroughly dried out. Information 
on drying out the boiler is given in Boilerman 3 
& 2 , NavPers 10535-E. 

CARE OF BOILER WATERSIDES 

Failure to keep boiler watersides clean re- 
duces the efficiency of the boiler and contributes 
to overheating which may lead to serious dam- 
age. Experience has shown that tube failures re- 
sulting from defective materials or poor fabrica- 
tion are rare. The majority of all tube failures, 
other than those associated with water-level 
casualties, are caused by waterside deposits or 
accumulations. Some tube failures are caused by 
waterside deposits of hard scale. More fre- 
quently, however, tube failures occur as the re- 
sult of an accumulation of relatively soft mate- 
rials such as metal oxides, the residue of chem- 
icals used for boiler water treatment, and the 
solids formed as a result of the reactions be- 
tween scale -forming salts or other impurities 
and the chemicals used for boiler water treat- 
ment. 

FREQUENCY OF 
CLEANING WATERSIDES 

With the exception of boilers on certain 
designated ships, naval boilers must not be 
steamed for more than 1800 (or at most 2000) 
hours between successive mechanical cleanings 
of the watersides. In addition, boilers should be 
cleaned on the watersides whenever there is any 
reason to suspect that scale or other material 
has accumulated in drums, headers, or tubes. 

Whenever a boiler is opened for any reason, 
it is good engineering practice to hose down all 
accessible parts of the watersides. However, this 
type of water washing is NOT a substitute for the 
required mechanical cleaning of watersides. 

At each regular watersides cleaning period, 
all waterside surfaces except superheater tubes 
must be mechanically cleaned. Superheater tubes 
are usually cleaned only at alternate cleaning 
periods. However, they must be inspected at the 
other cleaning periods and must be completely 
cleaned if they appear to need it. 



Type commanders have been designated by 
NavShips to authorize the extended schedule of 
boiler waterside cleaning for certain ships under 
their command. The "extended schedule" is not 
actually a schedule; the length of time between 
cleanings depends upon the condition of the 
boiler. Boilers on the extended schedule of 
cleaning are cleaned chemically, rather than 
mechanically. The extended schedule of water- 
side cleaning began as an experimental program 
which at first involved only a few ships. Several 
years of experience have indicated that boilers 
can be kept in excellent condition on the extended 
schedule, provided certain requirements are 
met. As the success of the extended schedule has 
been demonstrated, additional ships have been 
included in the program. A number of combatant 
ships now operate on the extended schedule of 
waterside cleaning. 

Special requirements for boilers on the ex- 
tended schedule include: 

L Boilers must be clean to start with. 
Initial cleanliness of the boilers is obtained by 
boiling out, followed by chemical cleaning. 

2. Boilers must be in good condition. After 
chemical cleaning, the boiler must be hydro- 
statically tested and all pressure parts must 
satisfactorily meet the requirements of the 
hydrostatic test. Leaky tubes must be renewed. 
All manhole and handhole gaskets must be re- 
newed. Valves and boiler fittings must be in good 
condition. There must not be any active pitting or 
corrosion in any part of the boiler. There must 
not be any history of gross leakage at handhole 
fittings. 

Boilers must be inspected regularly. 
All ships assigned to the extended schedule must 
continue to inspect boiler watersides after each 
1800 to 2000 hours of steaming, or more fre- 
quently if considered necessary. Special inspec- 
tions of boiler watersides must also be made 
when the ship undergoes a regular overhaul. De- 
tails of waterside inspections are discussed in 
chapter 16 of this training manual. 

4. The boiler water and feed water for 
boilers on the extended waterside cleaning must 
be maintained within limits at all times. Correct 
boiler water treatment is vitally important for 
all boilers, but particularly so for boilers on 
extended schedule of waterside cleaning. 

5. The boiler water must be kept clean by 
frequent use of blowdown. Boiler water samples 
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should be so clean that they have the appearance 
of drinking water. Another indication that may be 
used as a guide for the need forblowdown is the 
total dissolved solid content of the boiler water. 
Total dissolved solids are measured by an 
electrical conductivity meter on some new ships 
that have 1200-psi boilers. The reading obtained 
on the conductivity meter indicates the efficiency 
of the blowdowns and also indicates whether more 
frequent blowdowns are needed. On ships that are 
not furnished with conductivity meters, the re- 
sults of the chemical water tests are used as a 
guide for the need for blowdown. 

6. Oxygen must not be allowed to enter the 
watersides of steaming or idle boilers. Dis- 
solved oxygen in the feed water and boiler water 
can be prevented by proper attention to the me- 
chanical details of the deaerating feed tank and 
by proper operation of the tank. Dissolved oxygen 
tests made aboard ship must be checked by ship- 
yard chemists or tender personnel. Idle boilers 
must be laid up in the prescribed manner in 
order to ensure the absence of air in the water- 
sides of idle boilers. 

7. Boiler Water Treatment Logs must be 
carefully reviewed. If the Boiler Water Treat- 
ment Logs are accurately maintained and care- 
fully analyzed, they should reveal waterside 
difficulties long before there are any visible ef- 
fects on the boiler watersides. 

8. Ship's personnel must inform official 
boiler inspectors and shipyard personnel that 
the boilers are on the extended, rather than the 
regular, schedule of watersides cleaning. Ad- 
vance information on this point enables shipyard 
personnel to plan for the chemical cleaning that 
is required for boilers on the extended schedule. 

PROCEDURES FOR 
CLEANING WATERSIDES 

The watersides of naval boilers may be 
cleaned in two ways: (1) mechanically, by 
thorough wirebrushing of all drums, headers, 
and tubes, and (2) chemically, by circulating 
chemical cleaning solutions through the boiler. 
Only the procedures for chemical cleaning are 
discussed here. Mechanical cleaning is de- 
scribed in Boiler man 3 & 2, NavPers 10535- E. 

There are two methods approved for chem- 
ical cleaning of watersides. The HYDROCHLO- 
RIC ACID method is used by naval shipyards and 



private contractors. This method utilizes con- 
centrated hydrochloric acid which is diluted to 
the required strength through a proportioning 
valve. The SULFAMIC ACID - CITRIC ACID 
method is designed for use by forces afloat. 
Only the sulfamic acid - citric acid method is 
discussed here. 

The following equipment is required for 
cleaning watersides by the sulfamic acid - citric 
acid method. Detailed information on sizes, ma- 
terials, and federal stock numbers of this equip- 
ment is given in the latest NavShips Instruction 
that deals with chemical cleaning of boiler water- 
sides. 

1. A motor-driven acid-resistant pump. 

2. A 20-foot length of acid-resistant suction 
hose. 

3. A 250-foot length of acid-resistant dis- 
charge hose. 

4. A 450- foot length of acid-resistant re- 
turn hose. 

5. A 175-foot length of steam hose. 

6. A portable acid mixing tank, stainless 
steel, of the type shown in figure 14-2. 
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7. A "spent acid" tank of about 1500 gallons 
capacity. 

8. Enough rubber aprons, rubber gloves, 
and face shields or goggles to protect all men 
who must handle the acid. 

9. A combustible gas indicator. 

10. A hydrogen vent hose, 3/4 -inch ID and 
long enough to meet the requirements of the par- 
ticular situation. 

11. Cylinders of water -pumped (oil-free) 
nitrogen. 

12. Appropriate quantities of the chemicals 
required to make the strong descalant solution, 
the mild descalant solution, and the passivating 
and neutralizing solution. Table 14-1 shows the 
quantities of chemicals required to make the 
descalant solutions; table 14-2 shows the quan- 
tities of chemicals required to make the pas- 
sivating and neutralizing solution. 

13. Appropriate quantities of sodium hy- 
droxide to neutralize the spent acid before it is 
discharged overboard. Two hundred pounds of 
sodium hydroxide are required for each 1500- 
gallon tankful of spent acid. 

The following preparations must be made 
before chemical cleaning is started: 

1. Close, tag, and lock (or securely wire) 
all valves that allow water or steam to enter the 
boiler. 

2. Drain the boiler. 

3. Open the boiler and inspect it carefully 
for the presence of oil. If any oil is found, re- 



Table 14-1.-Chemicals Required for 
Descalant Solutions. 



Chemical 


Quantity Required For Each 
1000 Gallons Required 
To Fill Boiler 


Strong Solution 
(12 percent) 


Mild Solution 
(0.24 percent) 


Sulfamic acid.... 


900 pounds 


18.0 pounds 


Citric acid 


60 pounds 


1.2 pounds 


Diethvlthiourea . 


40 pounds 


0.8 pounds 



98.66.01 



move it by boiling out the boiler in accordance 
with prescribed procedures. 

4. Blank off the superheater and the econ- 
omizer, unless inspection reveals that scale is 
present in the tubes. (This is not very likely, by 
the way.) Stainless steel superheaters must not 
be chemically cleaned without prior approval of 
NavShips. 

5. Blank off all gages and valves that will 
not be used during the acid circulation. 

6. Remove the safety valves. 

7. If the desuperheater is made of a 16 per- 
cent chromium and 1 percent nickel alloy, re- 
move the desuperheater. Protect the nozzle by 
applying two coats of a special paint (specifica- 
tion MIL-P-23236, Type I, class 2) to the sur- 
faces of the 16-1 flanges and to the adjacent 
stainless steel welds. Allow the first coat to dry 
for 24 hours before applying the second coat; or, 
to shorten the drying period, blow warm dry air 
at about 100° F over the flanges for about 6 
hours. Then apply the second coat and allow it 
to dry similarly. 

8. Dismantle several steam separators and 
ALL apron plates, to facilitate inspection both 
before and after the cleaning. Place these items, 
together with a representative screen row tube 
that has been cut into 3 -foot sections, in the 
steam drum in such a position that they will not 
cover the tube holes. 

9. Attach a 3/4 -inch hose to the air cock to 
serve as a hydrogen vent. Lead the hose to the 
weather deck. 

10. Install a 3/4- inch tee on a safety valve 
connection. One branch of the tee serves as an 



Table 14-2.-Chemicals Required for 
Passivating and Neutralizing 
Solution. 



Chemical 


Quantity Required For 
Each 1000 Gallons 
Required To Fill 
Boiler 




42 pounds 


Monosodium phosphate . 


21 pounds 


Disodium phosphate 


21 pounds 
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acid recirculating line; the other branchis con- 
nected to the nitrogen supply for emptying the 
boiler. 

11. Disconnect all bottom blow valves from 
the boiler and install a temporary manifold, as 
shown in figure 14-3. Install a tee at one end of 
the manifold, valved to permit the alternate in- 
troduction of steam and acid solution. 

12. Close up the boiler and give it a hydro- 
static test to 150 psi. The purpose of this test is 



to make sure there will be no leakage when the 
acid solution is being circulated. When the econ- 
omizer and the superheater are not to be cleaned 
(as is usually the case) fill them with deaerated 
feed water and keep them full during the entire 
cleaning operation. 

13. Drop the boiler water to normal steam- 
ing level and preheat the boiler to 175° F ± 5° Fby 
admitting steam through the temporary bottom 
blow manifold. Take temperature readings by 
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Figure 14 -3. -Arrangement for chemical cleaning of watersides by sulfamic 

acid-citric acid method. 
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placing a dial thermocouple against baredplaces 
on the steam drum, the water drum, and the 
headers. The boilers should be preheated very 
evenly. Maintain the preheat for 1 hour before 
proceeding to the next step. Relieve pressure on 
the boiler by venting through the hydrogen vent 
line. 

14. Locate the acid mixing tank on the most 
convenient weather deck. Locate the large tank 
for the spent acid in a place where it will be con- 
venient for receiving the discharged solution 
from the boiler and for discharging the solution 
overboard. Connect the lines as shown in figure 
14-3, keeping the acid lines as short as possible. 

After all preparatory measures have been 
taken, clean the boiler by the following proce- 
dure: 

1. Admit water to the acid mixing tank until 
the tank is about three -fourths full. 

2. Inject steam to heat the water in the mix- 
ing tank to a temperature of 175° F. Maintain 
this temperature throughout the cleaning. 

3. Mix 100-pound batches of STRONG 
descalant solution (see table 14-1) in the propor- 
tions of 90 pounds of sulfamic acid, 6 pounds of 
citric acid, and 4 pounds of diethylthiourea. Add 
the mixed chemicals slowly to the heated water in 
the acid mixing tank. Stir continuously with a 
wooden paddle so that the chemicals will dissolve 
rapidly. 

4. Begin pumping the solution from the mix- 
ing tank to the boiler. Continue to add fresh water 
and chemicals to the mixing tank and continue to 
heat the solution until the boiler is completely 
filled with the solution. You can tell that the 
boiler is full when acid solution starts coming 
into the mixing tank from the acid recirculation 
line. After the boiler is completely full, use the 
recirculated solution to dissolve the remaining 
chemicals. Be sure to maintain the tank tempera- 
ture at 175° F± 5° F. 

5. Allow the solution to remain in the boiler 
for 7 hours. Circulate the solution for 15 minutes 
of each hour. Admit steam to the mixing tank and 
to the header connections as necessary to main- 
tain the temperature at 175° F± 5° F. When 
condensation of the heating steam causes an ex- 
cess of liquid in the system, drain off the excess 
liquid from the mixing tank. 

6. Keep the hydrogen vent line CLOSED 
when the pump is circulating solution through the 
boiler and OPEN when the pump is not operating. 



7. After the 7-hour soaking period, dis- 
charge the spent acid to the 1500-gallon spent 
acid tank. Close the hydrogen vent valve and the 
acid recirculation line at the steam drum. Dis- 
connect the acid fill line at the pump and lead the 
line to the spent acid tank. (The acid fill line is 
now the spent acid discharge line.) Apply nitrogen 
at 25 to 30 psi through the steam drum connection 
to displace the acid solution from the boiler. 

8. Add 200 gallons of fresh water and 200 
pounds of sodium hydroxide to each tankful of 
spent acid before discharging the solution over- 
board. The water and the sodium hydroxide neu- 
tralize the residual acid. 

9. After neutralizing the spent acid, dis- 
charge the solution overboard. 

10. Repeat the procedures given in steps 7, 
8, and 9 until the boiler is empty. 

11. Secure the hydrogen vent line at the 
steam drum and open the acid recirculation line. 
Reconnect the acid fill line (which has been used 
as a spent acid discharge line) to the circulating 
pump. Fill the boiler with hot water and maintain 
a temperature of 160° F± 5° F for 15 minutes. 

12. Disconnect the acid fill line from the 
circulating pump and lead it overboard. (The 
acid fill line is now the overboard discharge line. ) 
Drain the boiler directly overboard, through the 
overboard discharge line, by using nitrogen to 
displace the water from the boiler. 

13. Reconnect the overboard discharge line 
to the pump so that it can again serve as an acid 
fill line. Fill the boiler with the MILD descalant 
solution (see table 14-1). Mix the chemicals as 
before, in the proper proportions to make a mild 
solution instead of a strong one, and dissolve 
them in water in the mixing tank. For this mild 
solution, keep the water in the mixing tank at a 
temperature of 160° F± 5° F. Maintain the cor- 
rect temperature by the admission of steam 
through the bottom blow manifold. 

14. After the boiler is full, soak for 1/2 
hour at 160° F ± 5° F. 

15. Empty the boiler directly overboard 
through the overboard discharge line— that is, the 
acid fill line which has been disconnected from 
the pump and reconnected to serve as an over- 
board discharge line. Use nitrogen at 25 to 30 psi 
to displace the solution from the boiler. 

16. Rinse the acid mixing tank thoroughly 
and fill it with distilled feed water. Reconnect the 
overboard discharge line to serve as the acid 
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fill line again. Start the pump and begin adding the 
chemicals required to make the passivating and 
neutralizing solution, in the proportions shown in 
table 14-2. Admit steam to the boiler and to the 
mixing tank as required to maintain the tempera- 
ture at 140° F to 150° F. Soak the boiler at this 
temperature for 1/2 hour. 

17. Disconnect the acid fill line and lead it 
overboard to serve again as the overboard dis- 
charge line. Discharge the passivating and neu- 
tralizing solution directly overboard, using 
nitrogen at 25 to 30 psi to displace the solution. 

18. Open the manholes and handholes and 
use portable blowers to ventilate the boiler. Do 
not allow anyone to enter the boiler until you are 
SURE the nitrogen has been displaced and a safe 
level of oxygen exists in the boiler. Nitrogen is 
not poisonous, but it can cause asphyxiation. 

19. Scoop out all sludge from the boiler. 
Do NOT water wash the boiler, as this would re- 
move all traces of the passivating agent and al- 
low the boiler to rust. 

The following steps should be taken after a 
boiler has been chemically cleaned: 

L Inspect the boiler. To determine whether 
there is any hard scale in the boiler, remove the 
tube that was placed in the steam drum before the 
cleaning began and crimp the tube in a vise. This 
procedure will reveal hard deposits that might 
otherwise be undetected. To determine the 
amount of loose deposits still in the boiler, run 
a wire brush through two 2-inch water screen 
tubes and check the amount of material obtained. 
If more than 1.5 grams per 12 -foot length of 
tube is obtained, or if any hard scale is found in 
the tube that was placed in the steam drum, the 
boiler must be chemically cleaned all over again. 

2. Wire brush all tubes to remove any re- 
maining deposits. 

3. Reinstall the fittings. 

4. Renew all manhole and handhole gaskets 
(except superheater handhole gaskets, if the 
superheater was not chemically cleaned). Make 
sure that all handholes and manholes are clean 
and tight. 

5. Dissolve about 50 pounds of sodium 
nitrite in a small amount of water and pour this 
solution into the steam drum. Then close up the 
steam drum. 

6. Fill the boiler with water and give a 125- 
percent hydrostatic test to the boiler and the 
bottom blow system. 



7. Drain the boiler. If the boiler is to re- 
main idle and open, dry out the surfaces. Do not 
wet the surfaces unless a passivating solution is 
used. 

8. When the boiler is to be placed in opera- 
tion, fill with feed water before lighting off and 
chemically treat the water in accordance with 
prescribed procedures. 

9. After the boiler has been lighted off, 
blow down frequently until the boiler water is 
clear. 

The following safety precautions must be 
observed when boilers are being cleaned by the 
sulfamic acid - citric acid method: 

1. The boiler to be cleaned must be isola- 
ted from all other feed and steam systems. All 
leaky valves must be blanked off. Any valve that 
would have steam on one side and the descalant 
solution on the other side must be blanked off 
from the solution. All controls and instruments 
must be isolated from the descalant solution. 

2. Appropriate measures must be taken to 
protect personnel from contact with the chemi- 
cals. All of the chemicals used could be harmful 
particularly to the eyes and skin. Face shield 
should be worn by any person who is dumping 
the chemicals into the mixing tank. Rubber 
shoes, rubber gloves, rubber aprons, and hats 
should be worn by all personnel concerned 
with the cleaning operation. Foul-weather gear 
is suitable. 

3. Obtain medical attention immediately if 
acid gets into the eyes. Be sure that a plentiful 
supply of fresh water and baking soda is avail- 
able in the fireroom and near the acid mixing 
tank to wash off any acid that gets on the 
skin. 

4. All precautions must be taken to pre- 
vent hydrogen explosions. The boiler must be 
filled to overflowing, so that the descalant solu- 
tion returns to the mixing tank, in order to push 
out any hydrogen that may be released by the 
chemical cleaning. The hydrogen must be vented 
to atmosphere at a safe location; the vent line 
must NEVER terminate inside the ship's hull. 
The vent must be installed at the highest point 
of the boiler, as shown in figure 14-3. Smoking, 
burning, and welding must not be permitted in 
the fireroom or in the immediate vicinity, or 
anywhere near the acid tanks or other equipment. 
If it is necessary to enter the boiler before 
passivating has been completed, use nonspark- 
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ing tools, clothes, and lights. Naked lights must 
NOT be used. 

5. Provide continuous safety watches in the 
fire room, at the acid mixing tank, and at the 
vent outlet during the entire chemical cleaning 
procedure, to enforce the no smoking, no weld- 
ing, and other safety precautions. 

6. During the chemical cleaning process, 
run the fireroom ventilation supply blowers on 
low speed and the exhaust blowers on high speed, 
to prevent dispersal of the fumes into the rest 
of the ship. 

BOILING OUT BOILERS 

The boiling out of a boiler should be done 
in the case of a newly erected boiler, after a ma- 
jor tube renewal, after reactivation, or when an 
examination discloses the presence of oil con- 
tamination. 

The following procedures should be used 
when boiling out a boiler for rust preventive and/ 
or oil contamination: 

1. If the superheater is made of stainless 
steel, fill the superheater with feed water and 
keep it filled throughout the entire boiling-out 
process. If the superheater is not made of stain- 
less steel, it need not be filled with feed water; 
however, every precaution must be taken to see 
that the boiling-out solution does not carryover 
into the superheater. 

2. To allow proper circulation of the solu- 
tion through the boiler, remove the apron plates 
and stack them loosely in the steam drum. Be 
sure that the plates do not cover the tube 
holes. It may be necessary to remove the de- 
superheater and the internal feed line in order to 
remove the apron plates; if you do this, blank 
off the drum connections for the desuperheater 
or reinstall the desuperheater, making sure the 
connections are made up tight before you begin 
boiling out procedures. 

3. Provide steam connections from the 
150-psi auxiliary steam line to all lower water 
headers, by way of a drain or a blow down con- 
nection, and to the water drum bottom blow con- 
nection (fig. 14-4 (1)). Provide a separate steam 
connection to the economizer outlet header drain 
(fig. 14-4 (2)). In all cases, be sure to use a 
steam hose with the appropriate pressure and 
temperature rating. 



4. For every 1000 gallons of water required 
to fill the boiler to steaming level, put into the 
steam drum 250 pounds of trisodium phosphate 
dodecahydrate or 110 pounds of trisodium phos- 
phate anhydrous. Add 5 quarts of wetting agent 
to either type of trisodium phosphate. 

5. Fill the boiler to normal steaming level, 
using the normal feed line. The chemicals will 
mix and dissolve most effectively if the feed 
water is hot. 

6. Cut in the steam to the connections pro- 
vided, and allow pressure to build up to and re- 
main at 50 to 100 psi. 

7. The length of time required for the 
boiling out depends upon the degree of oil con- 
tamination and the amount of soft sludge deposits 
that are present. If the boiler is not heavily 
contaminated with oil, and if there is no soft 
sludge, 12 hours of boiling out will probably be 
enough. If the boiler is heavily contaminated 
with oil, or if soft sludge is present, 48 hours 
of boiling out may be required. 

8. For 10 to 15 minutes of each hour, se- 
cure the steam to the lower water headers and 
water drum but NOT to the economizer. During 
this period use the emergency feed pump or 
another suitable pump to circulate the boiling- 
out solution (fig. 14-4 (3)). 

9. Allow the steam drum to vent contin- 
uously, but restrict the flow so that the boiling- 
out solution will not be blown out or carried 
over to the superheater. 

10. When the water level in the steam drum 
is 3 inches above normal steaming level, give 
a surface blow sufficient to bring the water 
level down to about 1 inch below normal. Se- 
cure all steam except that going to the econ- 
omizer outlet drain before giving the surface 
blow. When giving a surface blow, be sure the 
pressure in the boiler is maintained at about 
25 psi above the sea water pressure on the over- 
board discharge valve, to prevent back flow of 
sea water into the boiler. Do NOT use the sur- 
face blow while the solution is being circulated. 

11. At the end of the boiling-out period, 
shut off the steam supply, vent the boiler to re- 
lieve the pressure, and pump the solution 
overboard as shown in figure 14-4 (4). The over- 
board discharge hose can be connected to any 
appropriate overboard discharge hose connec- 
tion; for example, the Fire & Bilge Pump dis- 
charge hose connection. 



?71 



BOILERMAKER 1 & C 



150- psi AUX STEAM LIKE 



(I) 

STEAM HOSE 



(2) 

STEAM HOSE 
} 




OVERBOARD 
DISC VALVE 



BOILER GUARDING VALVE 



CONNECTIONS FOR BOILING OUT 
( I ) I ]j" STEAM HOSE 

(2)1^" STEAM HOSE 
< 3) 1^" HARD RUBBER SUCTION HOSE ! 



14)1^ DISCHARGE HOSE 



104.21 



Figure 14-4.-Arrangement for boiling out a boiler. 



12. Before the boiler has had time to dry 
out, flush the tubes and headers with a high ve- 
locity stream of feed water. 

13. To determine the effectiveness of the 
boiling out, run clean dry turkish toweling 
through several tubes and examine the cloth for 
signs of oil. Be SURE that all rags are ac- 
counted for and that none are left in the boiler. 
Examine the interior of the steam drum, the water 
drum, the headers, and the internal feed pipe. 



14. If only very slight traces of oil are 
present, and if they are present only in the 
steam drum, they may be wiped clean with turk- 
ish toweling. 

15. If a 48-hour boiling -out period has been 
prescribed (because of the presence of a lot of 
oil and soft sludge deposits) all tubes must be 
mechanically cleaned after it has been defi- 
nitely ascertained that the boiler is completely 
free of oil. The mechanical cleaning should re- 
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move all loosely adhering material that is not 
removed by the boiling out. 

16. Flush out the superheater, if it is not 
blanked off or filled with feed water. 

If the boiler is still not clean, the entire 
boiling-out process must be repeated. 

It should be noted that the presence of oil 
in a boiler means that oil is also present some- 
where else. If the boiling out is to have any bene- 
ficial results, the entire condensate and feed 
system, from the condenser to the boiler, must 
be cleaned and made free of oil. Also, the source 
of oil contamination must be located and the 
trouble must be corrected. Any oil, anywhere in 
the system, must eventually find its way to the 
boiler. It's a waste of time to remove oil from 
the boiler without also removing itfromthe rest 
of the system. 

LAYING UP IDLE BOILERS 

To prevent rust and pitting, idle boilers 
must be laid up in strict accordance with the 
procedures authorized by the Naval Ship Systems 
Command. Two dry methods and five wet 
methods are approved by NavS hips. However, not 
all methods are applicable to all boilers; the 
method or methods to be followed on any particu- 
lar ship will be specif iedby the engineer officer. 

Dry Methods 

Boilers may be laid up dry in two ways. In 
one method, a desiccant is used to keep the 
boiler dry. In the other method, heated air is 
circulated through the watersides and firesides 
as long as the boiler is idle. 

DESICCANT METHOD.- -When using a des- 
iccant, the procedure for laying up an idle boiler 
is as follows: 

1. Add 50 pounds of sodium nitrite to the 
water in the boiler and then fill the boiler with 
water to the top of the gage glass. 

2. Empty the boiler. 

3. Open the handholes and manholes. 

4. Blow out all horizontal tubes with com- 
pressed air. 

5. Wipe out the boiler, making sure that 
there are no pockets of water left in the boiler. 



6. Place bags of approved desiccant in the 
steam drum and in the water drum. Use about 
16 pounds of desiccant for every 1000 gallons 
of water capacity of the boiler. 

7. Place humidity indicator cards in the 
drums to indicate the humidity of the air in the 
boiler. 

8. Close the manholes and handholes. 

9. Inspect the humidity indicator cards 
every other day. When a card indicates a humid- 
ity of 90 percent, remove the old desiccant and 
replace it with the same amount of fresh des- 
iccant. 

HEATED-AIR METHOD.— When using 
heated air, the procedure for laying up an idle 
boiler is as follows: 

1. Empty the boiler. 

2. Open the handholes and the manholes. 

3. Blow out all horizontal tubes with air 

jets. 

4. Wipe out the boiler, making sure that 
there are no remaining pockets of water. Inspect 
the boiler to make sure it is completely dry. 

5. Blow heated air into the boiler through 
the water drum manhole and one han dhole in 
each header. Vent the air through the steam drum 
manhole. Connections to the drum and headers 
may be made by using sheet metal, shaped to 
the openings, with the hose connection in the 
middle. In addition, blow heated air through the 
firesides, using any suitable opening to the fur- 
nace or furnaces. 

Wet Methods 

In following any of the wet methods of laying 
up an idle boiler, remember that the proper 
chemical control of the boiler water must be 
maintained. 

Boiler water should be tested prior to using 
any of the wet methods of laying up idle boilers 
and tested weekly during the idle period to main- 
tain the proper chemical control of the boiler 
water as needed by adding chemicals to main- 
tain the boiler water within limits. 

FIRST WET METHOD.-When an idle boiler 
is to be laid up with the entire boiler, including 
the superheater, filled with deaerated water, the 
procedure is: 



273 



BOILERMAKER 1 & C 



1. After the boiler pressure falls to 50 
psig, add deae rated feed water through the nor- 
mal feed connections. Continue to fill the boiler 
until water comes out of all vents. 

2. As the water cools, it will shrink. Add 
more water as necessary to compensate for the 
shrinkage. Continue until the boiler is at fire- 
room temperature and is entirely full of water. 

3. Close all vents. 

4. Maintain a pressure of 50 psig on the 
boiler. 

SECOND WET METHOD.-The second wet 
method involves laying up a boiler under a steam 
blanket, with the superheater NOT drained. An 
arrangement for steam -pressurizing an idle 
boiler so that this method can be followed is 
shown in figure 14-5. The procedure for laying 
up a boiler under a steam blanket, with the 
superheater NOT drained, is as follows: 

L Open the low pressure steam supply 
valve to the boiler when the boiler pressure has 
fallen to that of the low pressure supply steam. 

150-PSI STEAM-SYSTEM 



I -y - INCH STOP-CHECK VALVE 




ALL PIPINGy-INCH IPS CARBON STEEL. 

ALL VALVES SUITABLE FOR FULL BOILER PRESSURE. 
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Figure 14-5.— Arrangement for steam- 
pressurizing an idle boiler. 



2. Close all vents and drains. 

3. Allow the superheater to fill with con- 
densate. To assure boiler water' does not 
carryover into the superheater, maintain a nor- 
mal steaming water level in the steam drum. 

4. Maintain the supply of low pressure 
steam to the boiler as long as the boiler is idle. 

THIRD WET METHOD.-In the third wet 
method, the boiler is laid up under a steam 
blanket but the super heater IS drained. The 
procedure is as follows: 

1. Open the low pressure steam supply 
valve to the boiler when the boiler pressure has 
fallen to that of the low pressure supply steam. 

2. Close all vents and drains except the 
trapped drain to the fresh water drain system 
at the superheater outlet. 

3. Allow the boiler to fill with condensate 
only to the point where the water level is still 
visible in the gage glass, to prevent carryover 
of boiler water into the superheater. Allow the 
superheater to continuously drain. 

4. Maintain the supply of low pressure 
steam to the boiler as long as the boiler is 
idle. 

FOURTH WET METHOD.-On some ships, 
it is possible to lay up boilers, wet, under a 
blanket of pure nitrogen. The procedure is: 

1. Close all vents and drains on the boiler. 

2. Maintain the water at normal steaming 
level. 

3. While the boiler is still under a pres- 
sure of about 5 to 10 psi, allow nitrogen (water 
pumped, 99.5 percent pure by volume) to enter 
the boiler. As a rule, one cylinder of compressed 
nitrogen is sufficient to maintain a pressure of 
5 psi on the boiler, provided the boiler is tight. 

4. Maintain the 5 -psi pressure with nitro- 
gen as long as the boiler is idle. 

FIFTH WET METHOD.-The fifth wet 
method involves laying up the boiler with the 
entire boiler (including superheater) filled with 
deaerated feed water and maintained under steam 
pressure. The procedure for this method is as 
follows: 

1. Maintain the deae rating feed tank under 
auxiliary exhaust pressure (15 psig). 
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2. Close all boiler drains. 

3. When the boiler pressure falls to 15 
psig, fill the boiler from the deaerating feed 
tank. Use a jumper connection and fill THROUGH 
the superheater and into the steam drum. 

4. Close all vents. 

5. Keep the boiler under pressure by main- 
taining the auxiliary exhaust pressure (15 psig) 
on the deaerating feed tank as long as the boiler 
is idle. 

(Note: Sodium nitrite may be used in the first 
and fifth wet methods, but the boiler must be 
completely drained and refilled with feed water 
before lighting off.) 

MANHOLE AND HANDHOLE 
FITTINGS AND OPENINGS 

At each regular boiler overhaul, all man- 
hole and handhole fittings on all drums, headers, 
and economizers should be inspected and, if 
necessary, repaired. 

When removing the manhole and handhole 
fittings, be very careful to protect the seating 
surfaces and the threads on the fittings. Take 
out one fitting at a time and leave the gasket 
on the fitting temporarily in order to protect the 
seating surface. After each fitting has been re- 
moved, put the yoke back on the stud and screw 
the nut on so that it is flush with the end of the 
stud; this will help to protect the threads. 

After each fitting has been removed and the 
nut has been put back on the stud, find a safe 
place to keep the fitting until you are ready to 
work on it. A good deal of damage to handhole 
and manhole plates results from careless han- 
dling while the fittings are being removed from 
the drums and headers or after they have been 
removed. 

The seating surface on the fitting and the 
seating surface on the drum or header must 
both be perfectly clean and true and free from 
defects in order to make a satisfactory seal. A 
power-driven cup-type brush such as the one 
shown in figure 14-6 should be usedfor cleaning 
the handhole seating surfaces. A circular wire 
brush is usually best for cleaning the manhole 
seating surfaces. After cleaning, use a template 
made of flat stock to check the header seats. 
Header seats must be flat and they must be 
square with the openings. The maximum per- 
missible taper of a header seat is 0.004 inch. 




Figure 14-6.— Cup-type wire brush for 
cleaning handhole seating surfaces. 

For saturated steam service at 300 psi and 
above, and for ALL superheated steam service, 
metallic asbestos spiral-wound gaskets (symbol 
2410) are prescribed. These gaskets are made 
of corrosion- resisting steel; graphite or other 
makeup compounds must never be used with these 
gaskets, since experience has shown that the 
gaskets corrode very rapidly when makeup com- 
pounds are used. However, high temperature 
compounds may be used on the threads to pre- 
vent freezing or galling and to ease removal. 
Compressed asbestos sheet gaskets (MIL-A- 
19472) may be used for square handholes on 
header-type boilers, for oval handholes in 
economizers, and where otherwise authorized 
by NavShips. The procedure for installing man- 
hole and handhole gaskets is discussed in 
Boilerman 3 & 2, NavPers 10535-E. 

When the clearance between the shoulder of 
a manhole plate and the manhole is greater than 
1/16 inch, the plate may have to be built up by 
electric welding at the inner edge of the shoul- 
der. Except in emergencies, this welding should 
be done at a naval shipyard so that the plate may 
be stress relieved after the welding. If the plate 
is not stress relieved, serious distortion may 
occur. 

Steam cuts and minor defects on the seating 
surfaces of drums or headers may be repaired 
by welding in some cases. The same restric- 
tions apply to this type of welding repair as ap- 
ply to the welding repair of tube sheets, as dis- 
cussed in chapter 6 of this training manual. 

As a rule, the seating surfaces on drums 
and headers do not require refacing. However, 
they must be refaced when pits, scars, steam 
cuts, or other deformities exist. A handhole seat 
refacing tool of the type shown in figure 14-7 is 
now carried on many ships, including cruisers, 
carriers, repair ships, and all ships that have 
1200-psi boilers. The special value of this re- 
facing tool lies in the fact that it can be used to 
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Figure 14-7.— Handhole seat refacing tool. 
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reface handhole seats of any size orshapewith- 
out any special adjustment except the use of a 
guide roller to give the proper seat width. 

Before starting to use the refacing tool, be 
sure you have an adequate supply of new or re- 
faced grinding wheels. Grinding wheels with 
rounded edges must NOT be used. 

Position the grinding wheel with its axis at 
a right angle to the header and the handhole seat- 
ing surface, as shown in figure 14-8, so that the 
flat end of the grinding wheel is in contact with 
the seating surface. Using the feed nut, as shown 
in figure 14-7, adjust the grinding wheel so that 
the flat end just touches the handhole seating 
surface. Turn on the air just enough to ensure 
rotation of the grinding wheel. Move the grinding 
wheel once or twice around the seating surface 
and secure the air. Then check the seating sur- 
face to make sure that the grinding wheel is in 
the correct position. At frequent intervals during 
the grinding operation, stop and check the seating 
surface and the grinding wheel. 

CAUTION: Always wear protective goggles 
or face shields when using the refacing tool. Be 
careful not to grind the surface any more than is 



necessary; grind just enough to remove all pits, 
scars, and cuts. Do not allow the grinding wheel 
to remain in one position for any length of time. 



AIR MOTOR 
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Figure 14-8.— Grinding wheel positioned 
for refacing. 
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Repeated refacing or grinding of the hand- 
lole seats will, of course, reduce the thickness 
)f the header at the seating surface. Eventually, 
:his reduction will require the header to be built 
ip again or to be replaced. Since many factors 
?nter into the calculation of the necessary thick - 
less of the header at the handhole seat, the amount 
)f metal that may safely be removed cannot be 
specified as one figure that is equally applicable 
:o all boilers. Table 14-3 shows the minimum 
:hickness that must remain after refacing hand- 
lole seats on various kinds of headers. 

Note that the thickness (dimension B in 
;ig. 14-9) is measured from the corner of the 
3eating surface to the NEAREST point on the out- 
side of the header. In other words, you must 
neasure the thickness of the metal at the thin- 
lest point of the header shell. 

If the header is corroded, be sure to remove 
he corrosion products before you measure the 
hickness of the metal. What you needtoknow is 
he thickness of the good clean metal-not of the 
;ood metal plus the crust of corrosion products. 

When the minimum allowable thickness has 
>een reached on any header, further repairs to 
he handhole seating surface should be made by 
)uilding up the handhole seat with weld metal and 
hen refacing. The deposit of weld metal should 
)e sufficient to bring the dimensions of the 
leader up to a little more than the original thick - 
less, so as to provide some excess for the re- 
acing job. Before allowing ANY welding to be 
ione on a header, be sure to check the plans to 
ind out what kind of material the header is made 
)f and what kind of welding procedure— if any-is 
>ermitted. All welding to boiler pressure parts 
nust be done by qualified welders, in accordance 
vith approved procedures. 

It is seldom necessary to reduce the thick - 
less of the header metal to the minimum allow - 
ible thickness in any one refacing operation. As 
i rule, the seating surface can be refaced sev- 
jral times before the minimum allowable thick- 
less is reached. 

STEAM DRUM PROTECTION PLATES 

Steam drum protection plates require re- 
>lacement at fairly frequent intervals because 
hey are subject to corrosion and erosion. A new 
nethod of replacing these plates on double - 
urnace boilers has been developed within the 



last few years. The new method involves splitting 
the replacement plate before it is installed, 
thereby substantially reducing the number of 
water screen tubes that must be removed. 

The first step in the new process is to re- 
move seven water screen tubes from the mid- 
ships section of the protection plate that is to 
be replaced. Figure 14-10 shows the seven tubes 
that must be removed if a rear protection plate 
is being installed. Next, the replacement pro- 
tection plate is split longitudinally along the bent 
ridge, as shown in figure 14-11, so that the plate 
can be fitted into position. The two sections of 
the plate are then bolted into place. Finally, the 
two plates are welded together along the split 
edges, or a separate strip of steel 1-1/2 inches 
wide can be welded over the joint. 

Figure 14-12 shows a rear steam drum pro- 
tection plate that required replacement because 
it had been burned. Figure 14-13 shows the new 
protection plate installed. 

On some boilers, the studs that hold the pro- 
tection plates to the steam drum are fastened 
directly to the drum. When these studs break 
off or burn off, the old stud must be drilled out 
and the hole must be retapped for the new stud. 
A better way of fastening the studs to the drum 
is to weld bosses to the drum and fasten each 
stud to a boss. Broken or burned studs can 
usually be removed quite easily when the boss is 
heated; or, if that does not work, it is simple to 
remove the entire boss, together with the dam- 
aged stud, and install a new boss and a new stud. 

Any welding done on a boiler drum must, of 
course, be in accordance with all applicable Nav- 
Ships specifications and requirements. Always 
check the blueprint to see what material the drum 
is made of before allowing any welding to be done 
on any boiler drum. 

SUPERHEATER SUPPORT - 
AND-SEAL PLATES 

The superheater support-and-seal plates 
must be maintained in good condition at all times 
and must be completely renewed whenever nec- 
essary. Serious damage to the boiler can result 
from failure to keep the support-and-seal plates 
in good condition. In particular, the boiler should 
not be operated when the support-and-seal 
plates are seriously warped or burned. Burning 
is perhaps the most common cause of damage to 
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Table 14-3. -Minimum Allowable Wall Thickness, Various Types of Headers. 



Boiler 


Header size, in inches 
(Dimension A in figure 14-9) 


Minimum allowable wall 
thickness, in inches 
(Dimension B in figure 14-9) 


Babcock & Wilcox, 
700 psi and 
below 


all headers 




Foster Wheeler, 
700 psi and 
below 


all headers except 
as noted* 


1/4 :«/« or QJ»*S? 


Combustion 
Engineering, 
700 psi and 
below 


10 3/4 round 
8 5/8 round 

7 1/4 square 

6 3/4 by 6 7/8 by 
3/4 inches thick, 
sectional header boiler 


„ /ft + l/64 nrfir « +0.0156 
3/8 _ 0 or 0.375 _ 0 000 




6 3/4 by 6 7/8 by 
9/16 inches thick, 
sectional header boiler 

6 5/8 round 
5 9/16 round 


1/4 ^ 64 or 0.250 ^ 


Babcock & Wilcox, 
high-pressure 


all headers 




Combustion 
Engineering 

high-pressure 


10 3/4 round 


or 


Foster Wheeler, 
high-pressure 


all headers except 
as noted* 


i/4 rr 4 "^™ 6 



♦In square headers where dimension B is not applicable, minimum plug seat width should be 

„, 1R + 1/64 rt „ - ,„ fl +0.0156 
7/16 _ Q or 0.438 _ Q QQQ 
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Figure 14-9.— Measurement of header 
thickness at handhole seat. 



these plates. On single-furnace boilers, the area 
subject to burning is the leading edge nearest the 
furnace. On double -furnace boilers, the leading 
edge nearest the superheater-side furnace is 
most likely to become burned. 

On most boilers, the complete renewal of 
superheater support -and-seal plates requires 
the renewal of superheater tubes as well, as may 
be seen in figure 14-14. 

If the leading edge of a support plate has 
been burned back past the first row of super- 
heater tubes, but if the plate is otherwise in good 
condition, a reinforcing strip that is scalloped 
on the INSIDE may be used to support the first 
row of superheater tubes. This type of rein- 
forcing strip is shown in figure 14-15. The 
burned edge of the old support plate is also 
shown in this figure; note that this support plate 
was originally scalloped on the OUTSIDE edge. 

Superheater support castings of a type often 
referred to as dog -bone supports are installed 
in some of the newer boilers that have walk-in 
superheaters. Dog-bone support castings are il- 
lustrated in Boilerman 3 & 2 , NavPers 10535-E. 

AIR CASINGS, AND SMOKE PIPES 

Air should not be allowed to enter the fur- 
nace of an operating boiler at any place except 



through the air registers. Every effort must be 
made to keep the inner casing airtight at all 
times. Air that leaks into the furnace Jthrough the 
inner casing does not become intimately mixed 
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Figure 14-10.— Tubes to be removed for 
replacement of rear steam drum pro- 
tection plate (double- furnace boiler). 
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Figure 14-11.— Replacement steam drum 
protection plate. 
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Figure 14-12.— Burned steam drum protection plate before removal. 
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Figure 14- 13. -New steam drum protection plate installed. 
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with the fuel oil and therefore does not aid in 
combustion. On the contrary, air entering the 
furnace through openings other than the air 
registers has a decidedly chilling effect on the 
heating surfaces and on the gases of combustion, 
thereby contributing directly to lowered effi- 
ciency. 

Air leakage through the inner casing into the 
furnace is actually a common occurrence. In 
some cases, waste of fuel oil amounting to 10 
percent or more has been directly traced to air 
leakage through the inner casing. 

The tightness of outer casings is also im- 
portant from the standpoint of boiler efficiency. 
Leaky outer casings can reduce the efficiency of 
the forced draft blowers to such an extent as to 
actually make it impossible to achieve the com- 
bustion rates required for full power. Even at 
lower firing rates, air leakage through the outer 
casing wastes auxiliary steam because the forced 
draft blowers must be run at a higher speed in 
order to maintain the necessary air pressure at 
the burner front. 

Uptakes and smokepipes must be kept in 
good condition and free of leaks that would let 
water run down onto the boiler. Water running 
down onto the boiler will cause corrosion and 
rusting of the boiler inner casings, acid attack 
on the economizer elements and boiler tubes, and 
deterioration of expansion joints in the stack. 
When water comes in contact with soot, sulfuric 
acid is formed. 

AIR CASINGS 

The most frequent cause of air leakage 
through the boiler casings is improper sealing 
of the casings. You may find this trouble on 
newly installed boilers or— more commonly-on 
recently overhauled boilers. Improper sealing 
may result from failure to use the correct sealing 
compound on joints and seams or from the use 
of defective gaskets or gaskets that do not con- 
form to the design of the boiler. In any case, it 
is obviously impossible to keep the boiler air- 
tight unless the seams are properly made up and 
the gaskets are properly installed. 

Corrosion of the casing, caused by water 
dripping down onto it, is another common cause 
of air leakage. Water may drip onto the casing 
from leaky air vents, or it may run out of the 
vents and onto the casing when the boiler is being 



filled. To prevent this, a drip pipe should be in- 
stalled from the air vents to carry drips away 
from the top of the boiler casing. 

Overhauling boiler casings is tedious and 
difficult work because every joint and every 
opening-no matter how small-must be checked 
for proper sealing. Since the work is tiresome, 
there is often a tendency to ignore small leaks 
and to neglect the repair of burned or corroded 
sections of casing. If the work is done carefully, 
however, most boilers will show a marked re- 
duction in fuel oil consumption. 

Whenever the refractories are removed, 
check the inner casing around the padeyes. 
Sometimes the padeyes pull out, making holes in 
the inner casing. If a hole is found, a patch can 
be brazed or welded over the hole. Be sure that 
the patch is of the same material as the casing. 

When floor refractories are removed, check 
the inner casing around the furnace drain. If 
corrosion has caused cracks or breaks in the 
casing in this area, clean the metal thoroughly 
and then patch by brazing or welding. 

The inner casing around peepholes may 
become burned if the plastic refractory falls 
out. If you find burned spots on the inner casing 
near the peepholes, replace or patch the area. 

The rear and side walls of some 1200-psi 
boilers may develop "hot spots" on the inner cas- 
ing in areas where tangent tubes cannot be in- 
stalled or where exposed portions of the refrac- 
tory waste away from slag attack. Careful main- 
tenance of the refractories is the only way to 
prevent these hot spots. Deep crevices in ex- 
posed firebrick should be filled with plastic 
chrome ore, plastic fireclay, or castable re- 
fractory. If gaps of 1/2 inch or more are found 
between tangent tubes, the exposed insulation 
should be protected with a brush coating of air- 
setting mortar or with packed plastic refractory. 

The gaskets and studs on the superheater 
access doors should be kept in good condition 
and replaced whenever necessary. Imperfect 
closure of these access doors is a major cause 
of air leakage. 

Air leakage through the outer casing is most 
likely to occur as a result of bad gaskets or 
loose seams or joints. In particular, the bolted 
flanges that cover the ends of drums and headers 
may become loose, due to corrosion or vibra- 
tion, and thus allow air to leak out of the outer 
casing. If one of these flanges becomes corroded, 
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you will have to remove the flange section and 
replace it with a new piece made of the same ma- 
terial. 

Access doors or panels in the outer casing 
sometimes require repair. The insulation on 
these doors or panels must be kept in good con- 
dition to keep the outer casing from overheating. 

UPTAKES AND SMOKEPIPES 

The uptakes and smokepipes must be kept in 
good condition and free of leaks that would allow 
water to run down onto the boiler. Leaks around 
the base of the stack may allow water to seep 
down inside the boiler casing. These leaks can 
be stopped by calking with a mixture of asbestos 
wicking and red lead or, if the leak is very 
small, by coating with smooth-on cement. 

Where smokestack rain gutters are instal- 
led, they should be inspected frequently. Re- 
move all soot accumulations and make sure the 
drains are not plugged. 

The expansion joints in the uptakes require 
special maintenance on some destroyers and 
frigates. A soot seal was installed to keep soot 
from entering the expansion joint in the uptake. 
The soot seal turned out to be something less 
than 100-percent effective, so the expansion 
joints tend to fill up with soot. The soot seals are 
being removed on these ships, but the problem 
of soot in the expansion joints remains. In order 
to prolong the life of expansion joints, all soot 
should be removed BEFORE boiler firesides are 
washed. After the firesides washing has been 
completed, the expansion joints must be cleaned 
again to remove any wet soot that may have got- 
ten into them during the water washing. The ex- 
pansion joints should be absolutely free of soot 
after the firesides cleaning is completed. 

MAINTENANCE OF FUEL OIL EQUIPMENT 

Fireroom fuel oil equipment must be kept 
clean, properly installed and properly main- 
tained at all times. 

You will be responsible for the cleanliness, 
proper installation and maintenance of fireroom 
fuel oil equipment. Basic information on design, 
construction, and operation of fuel oil equipment 
is given in Boilerman 3 & 2 , NavPers 10535-E. 
The NavShips Technical Manual and the manufac- 
turer's technical manuals are the basic ref- 



erences for technical information on fuel oil 
equipment. 

FUEL OIL BURNERS 

Fuel oil burners must be correctly installed, 
maintained in proper position and alignment, and 
kept clean and free of defects. The routine clean- 
ing and maintenance of atomizer parts are dis- 
cussed in Boilerman 3 & 2 , NavPers 10535-E. 
The following sections of this chapter deal with 
some aspects of burner installation and mainte- 
nance that will be of particular importance to you. 

Installation and 
Care of Air Registers 

The stationary air foils or bladed cones 
should be installed before the refractory or 
burner tile of the burner front is installed. The 
air foils fit over the ends of bolts that are fas- 
tened to the inner front plate. After the sta- 
tionary air foils have been fitted over the ends 
of the bolts, the nuts should be tightened enough 
to hold the air foils firmly in place. The burn- 
er front forms should then be fastened in place 
and the refractory or burner tile installed. 

It is essential that exact dimensions be 
maintained in setting up the refractory of the 
burner front. The installation of the burner 
front is discussed in chapter 4 of this training 
manual. At this point, it should be emphasized 
again that the burner openings must be pre- 
cisely concentric around the atomizer and that 
the slope of the burner cone opening must be 
precisely as specified in the plans. If the burner 
is not lined up properly with respect to the burn- 
ner cone opening, flame impingement, damage 
to refractories, and poor combustion will prob- 
ably result. 

All parts of the air register-the air foils, 
the diffuser plate, and the air doors-should be 
checked at frequent intervals to make sure they 
are operating properly. In particular, new or 
newly assembled installations should always be 
checked before being put into operation. 

All air surfaces of the register must be 
kept clean and free of oil, carbon, or dirt. Air 
doors, air foils, air scoops, and diffusers should 
be wiped off at frequent intervals. Be sure that 
the slots in the diffuser plates are entirely free 
of material that would impede the flow of air. 
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Positioning the 
Atomizer Barrel 

The position of the atomizer barrel in the 
distance piece should be checked from time to 
time and adjusted if necessary by screwing the 
distance piece in or out until the proper rela- 
tionship exists between the face of the atomizer 
tip nut and the diffuser plate. This setting of the 
distance piece varies for different types of 
burners. Do not allow anyone to change this set- 
ting without consulting the manufacturer's tech- 
nical manual or the boiler plans. 

Positioning the 
Burner Assembly 

After the stationary air foils and the re- 
fractory burner cone have been installed, and 
after the atomizer barrel has been correctly 
adjusted in the distance piece, the entire burner 
assembly can be inserted through the opening 
in the outer casing. A piece called a SPOOL is 
fastened to the outside of the inner casing. As 
the burner assembly is inserted through the 
opening in the outer casing, it should be cen- 
tered on the studs provided in the spool. After 
the burner assembly has been centered, it 
should be bolted firmly to the outer casing. The 
piping connections to the burner manifold can 
then be made up and the unit will be ready for 
operation. 

Use of Gaskets 

All gaskets used in a fuel oil burner as- 
sembly must be of the proper dimensions and 
material and must be installed exactly as 
specified in the manufacturer's technical man- 
ual. Failure to use the correct type or size of 
gasket or failure to position the gasket correctly 
is likely to cause fuel oil leakage andpoor atom- 
ization. 

Before installing burner gaskets, clean the 
seating surfaces carefully. The seating surfaces 
should be smooth and true, without nicks or 
other irregularities. If the seating surfaces are 
not perfectly true, it may be advisable to use 
high pressure packing instead of a regular gas- 
ket, as a temporary or emergency measure. 
However, the seating surfaces should be trued 



up and a proper gasket installed at the first op- 
portunity. 

On burners that have safety shutoff valves 
or other automatic safety devices, the thickness 
of the gaskets is particularly important. Using 
a gasket that is too thick may prevent full open- 
ing of the safety check valve and thus reduce the 
pressure available for atomization of the oil. 

Maintenance of 
Burner Safety Devices 

On all new construction, fuel oil burners 
are fitted with safety shutoff devices that close 
automatically when the atomizer assembly is 
removed from the burner. These safety shutoff 
devices prevent spillage of oil if an atomizer 
should be removed while the burner root valve 
is still open. 

Maintenance of the burner safety devices is 
extremely important because defects in a safety 
device could easily interfere with combustion. 
The information on maintenance given here ap- 
plies specifically to the Babcock & Wilcox bur- 
ner safety shutoff valve shown in figure 14-16. 
For information on the maintenance of other 
types of burner safety devices, consult the man- 
ufacturer's technical manual. 

DISASSEMBLING THE SAFETY SHUT OFF 
VALVE. -To disassemble the valve, first un- 
screw the end cap and remove it. The 0-ring 
packing tends to hold the end cap firmly in place 
so removal may be somewhat difficult. Next re- 
move the camshaft nut and withdraw the cam- 
shaft and lever assembly. Remove the piston- 
head, together with all parts that are fastened 
to the pistonhead. 

No further disassembly is requiredin order 
to replace the 0-ring packing. However, if it is 
necessary to replace other parts or if it is nec- 
essary to grind in the valve seat to the seat pis- 
ton, you will have to take the valve entirely 
apart. To continue disassembling the valve, re- 
lease the pistonhead by loosening the Allen set- 
screw. Unscrewing the pistonhead from the seat 
piston holder gives access to the spring. Loosen 
the Allen setscrew in the cam piston, and un- 
screw the cam piston from the valve disk stem. 
At this point you can remove the seat piston by 
bringing it through the seat piston holder. The 
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Figure 14-16.— Safety shutoff valve for Babcock & Wilcox fuel oil burner. 



valve is now completely disassembled and ready 
for any required repairs or replacements. 

REASSEMBLING THE SAFETY SHUTOFF 
VALVE. -Burner safety devices must be very 
carefully reassembled so that all parts fit to- 
gether as they should and all designed clear- 
ances are maintained. To reassemble the valve 
shown in figure 14-16, first insert the seat pis- 
ton through the seat piston holder and insert the 
valve disk stem through the seat piston. Then 
position the valve spring over the valve disk 
stem, as shown in figure 14-16. Replace the 
pistonhead in the seat piston holder, making it 
up handtight. Then reset the Allen setscrew to 
lock this part of the assembly. Attach the cam 
piston, screwing it onto the valve disk stem until 
only about three threads remain visible. Now in- 
sert the entire valve assembly into the valve 
body. Set the camshaft and lever assembly in 
place, threading the camshaft nut handtight on 
its seat. 

To make the final adjustments, insert the 
blade of a screwdriver through the center of the 
pistonhead and engage the slot of the valve disk 



stem. With the lever in the closedposition (ver- 
tical) hold the lever lightly and turn the screw- 
driver clockwise as far as it will go. Then back 
off one- eighth of a turn to provide the necessary 
clearance at the cam. Release the lever, back 
off the camshaft nut, and remove the camshaft 
and lever assembly. Withdraw the pistonhead 
from the body and tighten the Allen setscrews 
to lock the cam piston in place on the valve disk 
stem. 

Replace the entire valve assembly in the 
body, being sure that the open end of the cam 
piston faces upward. Replace the camshaft and 
lever assembly and make up the camshaft nut 
with a wrench. Replace the end cap, using a 
wrench. The valve is now reassembled and ready 
for operation. 

FUEL OIL HEATERS 

There are four types of fuel oil heaters ap- 
proved for use in the fuel oil service systems of 
naval ships. They are all of the shell -and- tube 
type, but differ widely in design. The TYPE A 
heater is arranged so that the oil circulates in- 
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side the tubes and the steam circulates outside. 
The TYPE B heater, generally referred to as 
the G-fin heater, is an extended-surface unit in 
which each inner finned tube is encased in a 
separate outer tube or shell. The G-fin heater 
is perhaps the type most commonly used on naval 
combatant ships. The TYPE C heater is an ex- 
tended-surface unit in which each shell encloses 
more than one tube. The TYPE Dunit is arranged 
so that the steam circulates inside the tubes and 
the oil circulates outside the tubes. 

You may be required to test, clean, repair, 
reassemble, and reinstall fuel oil heaters. The 
information given in the following sections is in 
general applicable to all types of fuel oil heaters 
used in fuel oil service systems. For specific 
details, consult the manufacturer's technical 
manual. 

Testing Fuel Oil Heaters 

The following tests are required for fuel 
oil heaters installed in the fuel oil service 
system: 

1. Whenever a fireroom has not steamed 
for a period of more than a week, and in any case 
at least once each quarter, the entire system on 
the discharge side of the fuel oil service pump 
must be subjected to an oil pressure equal to 
the authorized setting of the fuel oil service pump 
discharge relief valve. This test, of course, in- 
cludes the fuel oil heaters. While under test, the 
fuel oil heaters must be inspected for signs of 
leakage at all joints. The recirculation system is 
used during, this test, and the oil heated to a 
temperature corresponding to a viscosity of 200 
seconds Saybolt Universal. 

2. When any part of the fuel oil system has 
undergone repairs that might affect either the 
tightness or the strength of any part, the entire 
system including the fuel oil heaters must be 
subjected to an oil pressure equal to 150percent 
of the designed operating pressure. In addition, 
the steam side of the heater (including the piping 
from the heater steam throttle valve to the drain 
discharge cutout valve) must be subjected to a 
hydrostatic test pressure equal to the designed 
steam operating pressure of the heater. 

3. At least once each year, the steam side 
of all fuel oil heaters (including the piping from 
the throttle valve to the drain discharge valve) 



must be subjected to a hydrostatic test pressure 
equal to the designed steam operating pressure 
of the heater. 

4. Every 5 years, the steam side of the fuel 
oil heaters must be subjected to a hydrostatic test 
pressure of 1-1/2 times the designed steam op- 
erating pressure of the heater. 

Cleaning Fuel Oil Heaters 

Most fouling on the oil side of fuel oil heaters 
is caused by overheating the oil. Asa rule, fuel 
oil heaters should be cleaned each time the boiler 
is overhauled; if this is done, there should be 
little need to clean them at other times unless 
abnormal operating conditions cause excessive 
fouling. 

Manual cleaning is approved ONLY for Type 
B and Type D heaters, and then only if it is done 
in strict accordance with the manufacturer's in- 
structions. A chemical method of cleaning based 
on the recirculation of a water -diluted heavy duty 
degreasing compound is approved for all types of 
fuel oil heaters. The materials and equipment 
required for the chemical cleaning of fuel oil 
heaters are: 

L The cleaning agent. This is a heavy-duty 
degreasing compound conforming to specification 
MIL-C-20207C. This compound maybe obtained 
from standard stock in 55 -gallon drums and in 
5-gallon cans. 

2. A small, low -capacity pump. The fuel 
oil service pumps and other permanently in- 
stalled shipboard pumps should NOT be used for 
this service, since the cleaning compound may 
attack certain kinds of packing. A spare water- 
circulating pump from some types of boat en- 
gines, connected to a small electric motor that 
operates at about 1750 rpm, makes a satisfacto- 
ry pump for this use. 

3. A steam coil or immersion heater for 
heating the cleaning solution. 

4. A mixing tank or drum. 

5. A pressure gage. 

6. Piping and pipe fittings. 

The general arrangement for recirculating 
the cleaning compound through a fuel oil heater 
is shown in figure 14-17. The procedure for 
cleaning is as follows: 

1. Drain the fuel oil heater thoroughly. 
When cleaning a vertical multipass heater, re- 
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Figure 14-17.-Arrangement for cleaning fuel oil heater by recirculation 

of degreasing compound. 



move the plugfrom each pass in the bottom head 
to drain as much oil as possible from the 
heater. If the heater is heavily fouled, do not 
overlook the possibility that a tube or a con- 
nection may be totally blocked with sludge. 

2. Steam the oil side of the heater with 
low pressure steam and condense the steam in 
water contained in an open-top drum. Continue 
to steam for 1 hour, or until oilceases to collect 
on the water. 

3. Connect the pump discharge to the heater 
discharge and install a line from the heater 
inlet Leading back to the tank or drum. Install 
a valve at or near the tank, in the line that leads 
from the heater inlet to the tank; install a pres- 
sure gage between the valve and the fuel oil 
heater. 

4. Estimate the amount of cleaning solution 
that will be required to fill the heater and the pip- 
ing. You will need MORE than this estimated 
amount, since there must be enough solution to be 
recirculated to the tank. In general, a 30-gallon 
or a 50-gaLlon tank provides enough room for the 
cleaning solution. 

5. Start the supply and exhaust ventilation; 
maintain ventilation during the entire cleaning 
period. 

6. Dilute the degreasing compound in the 
proportion of one part of compound to two parts 
of water, by volume. Heat the solution to between 
140° F and 170° F and keep it within this tem- 



perature range throughout the entire recirculat- 
ing period. 

7. If priming is required, remove the pipe 
plug in the tee fitting in the suction line and pour 
in enough cleaning solution to prime the pump. 
Replace the pipe plug, open the return flow valve 
to the tank or drum, and start the pump. 

8. Look for evidence of leakage in the re- 
circulating system. Correct any leaks that you 
find. 

9. After return flow to the tank has been 
established, slowly close down on the return 
flow valve so as to establish and maintain a back 
pressure of about 5 to 10 psi on the gage. 

10. Circulate the warm solution through the 
heater for 2 hours. 

11. Use low pressure air to blow the chem- 
ical from the heater back to the tank. Save the 
solution; two or three heaters can be cleaned 
with the same batch of solution. 

12. Rinse the system by pumping hot water 
through it for about 15 minutes. If the supply of 
hot water is limited, fill the system once and 
then drain, to provide at least one rinse. 

13. Disconnect the solution line from the 
heater and connect the low pressure steam hose 
to the inlet side of the heater. Lead a hose from 
the outlet side to the air register of an idle 
boiler. Blow out with steam to remove any re- 
maining chemical. Continue blowing through 
with steam for 15 minutes (or, if the system was 
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rinsed only once instead of for 15 minutes, con- 
tinue blowing through with steam for at least 
30 minutes). 

14. Blow out the fuel oil heater with air. 

15. Determine the effectiveness of the 
cleaning. This may be done by opening up the 
fuel oil heater and making a visual inspection 
of the surfaces; or it maybe done after the heater 
has been put back in service, by comparing the 
actual pressure drop across the oil side of the 
heater with the designed pressure drop, as given 
in the manufacturer's technical manual. 

PRECAUTIONS to be observed when clean- 
ing fuel oil heaters by the method just described 
include: 

L Never substitute any other chemical for 
the specified degreasing compound, unless per- 
mission is obtained from the Naval Ship Systems 
Command. 

2. Do not use degreasing compound on alu- 
minum or zinc surfaces. 

3. Do not let the compound come in contact 
with skin or eyes. Wear protective equipment 
such as rubber gloves, rubber aprons, and 
goggles. If the compound does come in contact 
with skin, wash it off immediately with cold 
water. 

4. The vapors of the degreasing compound 
are relatively nontoxic. However, the area 
should be kept well ventilated during the entire 
cleaning process. 

5. Dispose of all oil -contaminated solutions 
in accordance with the provisions of the Oil 
Pollution Acts. 

Reinstalling Fuel 
Oil Heaters 

Fuel oil heaters that have been disassembled 
for manual cleaning or for inspection following 
chemical cleaning must be very carefully re- 
assembled. Always follow the applicable draw- 
ings in reassembling a fuel oil heater. 

Before or during reassembly, all bearing 
surfaces of gasketed joints should be cleaned. 
Gasket materials should conform to the speci- 
fications given on the applicable drawings. Gas- 
kets cut from sheet stock must be accurately 
laid out to ensure a proper fit. Bolted joints 
should be tightened evenly. 



When heaters have been removed for clean- 
ing, they should be hydrostatically tested on both 
the oil side and the steam side before they are 
reinstalled. This procedure will show up leaks 
which might not otherwise be noticed until the 
whole fuel oil system is placed under test. 

When heaters are being reinstalled, any 
shims used in the original installation must be 
correctly placed so as to ensure proper align- 
ment of the heater and the piping. In units that 
have slotted holes in the supports to permit ex- 
pansion of the unit, the holddown bolts for these 
holes should be tightened only enough to make a 
snug fit. When reconnecting the steam and oil 
piping to a fuel oil heater, be sure that all flanges 
are clean, that the gaskets are in good condition 
and are made of the specified material, and that 
all bolted joints are taken up evenly. 

Before reinstalling a fuel oil heater, be 
SURE to remove any blanks that may have been 
used during the cleaning of the heater. 

ROUTINE FIREROOM UPKEEP 

In addition to maintaining the ship's boilers, 
Boilermen are responsible for maintaining fire - 
room auxiliary machinery, fireroom tools, fire- 
room piping, and the fireroom space itself, in- 
cluding areas around, behind, and under the 
boilers and the auxiliary machinery. The main- 
tenance of fireroom auxiliary machinery is dis- 
cussed in other chapters of this training manual 
and in Boilerman 3 & NavPers 10535-E; the 
maintenance of piping, valves, and fittings is also 
discussed in Boilerman 3 & 2. The present dis- 
cussion deals with the care of fireroom tools and 
with the general upkeep of the fireroom space. 

Even the simplest maintenance or repair 
job requires the use of tools. To make sure of 
having the tools you need in usable condition when 
you need them, be sure that all tools are handled 
carefully and used correctly. Do not allow a tool 
to be used for purposes other than those intended. 
For example, don't allow a screwdriver to be 
used as a chisel, a pry bar, a can opener, or a 
hammer if you ever expect to use it as a screw- 
driver again. 

Tools that are not actually being used must 
be kept in a safe place. To save time and to avoid 
confusion, it's a good idea to have a definite stow- 
age place for each tool and to insist that all tools 
are kept in their assigned places. Before tools 
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are put away, they should be inspected for rust, 
dirt, and signs of wear or damage. Dirty or rusty 
tools should be cleaned andprotectedwith a light 
coating of oil. Worn or damaged tools should be 
replaced. 

Portable power tools may require periodic 
lubrication or other maintenance. Since the re- 
quirements vary, check the manufacturer's in- 
structions for the care of portable power tools. 

As a matter of safety, keep all electrical 
tools and equipment in topnotch condition. Do 
not allow water, oil, or other liquids to get on 
electrical tools or wires. Make sure that all 
electrically operated portable tools are regu- 
larly inpsected by a qualified Electrician's Mate 
to ensure proper grounding of the equipment. 
Do not use electrically operated tools that have 
not been properly inspected and tagged in accord- 
ance with the requirements of the ship's organ- 
ization book. 

All power tools, whether electric or pneu- 
matic, must be properly stowed. Many portable 
power tools have their ownmetal stowagecases; 
when the tools are not actually being used, they 
should be kept in their cases. 

Precision tools and instruments re- 
quire special care in use, handling, and stow- 
age. Precision tools cannot retain their 
accuracy if they become rusty, dirty, bent, 
dented, or otherwise damaged. 

The fireroom force is responsible for 
keeping the fireroom clean and for preventing 
or correcting conditions that would lead to the 
development of rust and corrosion. Cleanliness 
must be taken care of on a continuing, day-by- 
day basis. It is dangerous, as well as sloppy, 
to allow accumulations of oil and dirt in a fire- 
room. Cleaning gear such as brushes, scrapers, 
brooms, clean rags, and soap should be readily 
available at all times, and the petty officer in 
charge of the fireroom should make sure that 
oil spills are cleaned up immediately and that 
dirt is not permitted to accumulate. All cleaning 
gear should be carefully stowed when not in use. 
Oily rags, in particular, create a fire hazard for 
the entire ship; if it is necessary to keep oily 
rags for any length of time, they should be stowed 
in fireproof metal containers until such time as 
they can be cleaned or safely destroyed. 

Rust and corrosion can be almost completely 
prevented in the fireroom by keeping surfaces 
and equipment dry. It is important to track down 



all sources of leakage in the fireroom and to make 
whatever repairs are necessary to correct the 
condition. Leaky packing glands on valves should 
be set up on or else the valves should be re- 
packed. Steam traps and other fittings should be 
checked frequently for leakage and repaired if 
necessary. Leakage at a joint where a branch 
line joins another line is often caused by exces- 
sive vibration or by inadequate allowance for ex- 
pansion in one or the other of the lines. Quite 
often the trouble can be eliminated by making a 
slight change in the hangers or supports. 

Rust -preventive compounds and paint must 
be used in many areas to protect surfaces from 
corrosion and rust. Paint, rust-preventive com- 
pounds, and other protective finishes must be 
applied in accordance with prescribed pro- 
cedures and all appropriate safety precautions 
must be strictly enforced. 

Maintaining a fireroom in good condition re- 
quires constant attention to numerous small de- 
tails and constant indoctrination of the fireroom 
force. The tops of fresh water tanks and reserve 
feed tanks frequently accumulate a strange col- 
lection of miscellaneous junk— mops, brooms, 
refractory materials, etc.-because they are 
easy to reach but hard to see. The areas behind 
and under boilers are also likely to require spe- 
cial attention. Some of the objects that have been 
found underneath boilers and in the bilges nearby 
are broken refractories, wrenches, comicbooks, 
hammers, old socks, and boiler cleaning tools, 
together with large quantities of dirt, trash, and 
soot. 

The accumulation of soot in these areas 
behind and under boilers is particularly dan- 
gerous for two reasons. First, the soot con- 
stitutes a fire hazard. And second, the soot com- 
bines with moisture to form sulfuric acid, which 
attacks the metal structures of the ship. Because 
these areas are hard to get at and because they 
are not easily noticed, corrosion may proceed to 
an almost unbelievable extent. On one occasion, 
for example, a man chipping paint in the bilges 
near the rear of a boiler put a hole in the skin of 
the ship. On some ships, examination of the areas 
under and behind the boiler has revealed serious 
damage to the rivet heads whichprotrude slightly 
from the skin of the ship. It is hardly necessary 
to say that this type of unchecked corrosion could 
have extremely serious consequences for the en- 
tire ship. 
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This chapter presents selected information 
on boiler fittings and instruments other than 
those related to automatic control systems. The 
information given here on the construction, 
maintenance, and repair of boiler fittings and 
instruments is required for advancement to 
POl or POC. Basic information on boiler fittings 
and instruments is given in Boilerman 3 & 2, 
NavPers 10535 -E, the Naval Ships Technical 
Manual , chapter 9510 (51), and the manufac- 
turers' technical manuals for the boilers. 

SAFETY VALVES 

Naval boilers are fitted with steam drum 
safety valves and with superheater outlet safety 
valves. Several types of safety valves are in com- 
mon use, but all are designed to open completely 
(pop) at a specified pressure and to remain open 
until a specified pressure drop (blowdown or 
blowback) has occurred. Safety valves must close 
tightly, without chattering, and must remain 
tightly closed after seating. 

STEAM DRUM SAFETY VALVES 

The two types of steam drum safety valves 
discussed here are (1) the huddling chamber 
type, and (2) the nozzle reaction type. A third 
type (jet flow) was formerly used on 600-psi 
boilers but is not discussed here because it is 
rapidly becoming obsolete. 

A steam drum safety valve of the huddling 
chamber type is shown infigure 15-1. The initial 
lift or opening of the valve is caused by the static 
pressure of the steam in the drum acting upon 
the bottom of the feather. As soon as the valve 
begins to open, a projecting lip or ring of larger 
area is exposed for the steam pressure to act 



upon. The huddling chamber, which is formed by 
the position of the adjusting ring, fills with steam 
as the valve opens. The steam in the huddling 
chamber builds up a static pressure that acts 
upon the extra area provided by the projecting 
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Figure 15-1.— Steam drum safety valve 
(huddling chamber type). 
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lip of the feather. The resulting increase in force 
overcomes the resistance of the spring, and the 
valve pops-that Is, it opens quickly and com- 
pletely. Because of the larger area now presented 
for the steam pressure to act upon, the valve re- 
seats at a lower pressure than that which caused 
it to lift initially. After the specified blowdown 
has occured, the valve closes cleanly, with a 
slight snap. 

The amount of tension on the spring de- 
termines the pressure at which the valve will 
pop. The position of the adjusting ring determines 
the shape of the huddling chamber and thereby 
determines the amount of blowdown that must 
occur before the valve will reseat. 

A steam drum safety valve of the nozzle re- 
action type is shown in figure 15-2. The initial 
lift of this valve occurs when the static pressure 
of the steam in the drum acts upon the disk in- 
sert with force sufficient to overcome the tension 
of the spring. As the disk insert lifts, the escap- 
ing steam strikes the nozzle ring and changes 
direction. The resulting force of reaction causes 
the disk to lift higher, up to about 60 percent of 
rated capacity. Full capacity is reached as the 
result of a secondary, progressively increasing 
lift which occurs as an upper adjusting ring is 
exposed. The ring deflects the steam downward, 
and the resulting force of reaction causes the 
disk to lift still higher. Blowdown adjustment in 
this type of valve is made by raising or lowering 
the adjusting ring and by raising or lowering the 
nozzle ring. 

SUPERHEATER SAFETY VALVES 

Safety valves are always installed at the 
superheater outlet as well as on the steam drum. 
Superheater safety valves are sometimes set to 
lift at a lower pressure than that which lifts the 
steam drum safety valves, in order to ensure an 
adequate steam flow through the superheater 
when the steam drum safety valves are lifted. 
Three kinds of superheater safety valve arrange- 
ments are discussed here: (1) the pressure 
pilot -operated superheater outlet safety valve 
assembly, (2) the Crosby two -valve superheater 
outlet safety valve assembly, and (3) the Con- 
solidated three -valve superheater outlet safety 
valve assembly. 




29.219 

Figure 15-2. — Steam drum safety valve 
(nozzle reaction type). 

Most double -furnace boilers are fitted with a 
PRESSURE PILOT-OPERATEDSUPERHEATER 
OUTLET SAFETY VALVE ASSEMBLY of the 
type shown in figure 15-3. This assembly con- 
sists of three connected valves: (1) a small 
spring-loaded safety valve installed on the steam 
drum; (2) an actuating valve manufactured in the 
extended body of the spring-loaded safety valve, 
installed on the steam drum; and (3) an actuated 
(or unloading) valve installed on the superheater. 
The stem of the drum valve is connected mechan- 
ically, by means of a lever, to the stem of the 
actuating valve. The actuating valve is connected 
by piping to the space above the disk in the super- 
heater actuated (or unloading) valve. The unload- 
ing valve has no spring and relies solely on pres- 
sure differential for its operation. Normally 
there is a static pressure above the disk of the 
unloading valve, since a small orifice (or in some 
designs a small clearance around the disk) allows 
steam at superheater outlet pressure to enter 
the space above the disk. 
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Figure 15-3.— Pressure pilot -operated superheater outlet safety valve assembly. 



When the drum valve is opened by steam 
drum pressure, the mechanical connection be- 
tween the drum valve and the actuating valve 
causes the actuating valve to open also. With 
the actuating valve open, steam flows from the 
space above the disk of the superheater unload- 
ing valve, through the actuating line, through the 
actuating valve, to the atmosphere. The sudden 
relief of pressure above the disk of the unloading 
valve causes that valve to open fully, so that 
steam is discharged from the unloading valve 
to atmosphere. 

Many 1200-psi single-furnace boilers (and 
also some 600-psi single-furnace ones) are 



equipped with Crosby TWO -VALVE SUPER- 
HEATER OUTLET SAFETY VALVE ASSEM- 
BLIES of the type shown in figure 15-4. In an 
assembly of this type, both of the valves are 
spring-loaded. The pilot valve on the steam drum 
and the superheater valve at the superheater out- 
let are connected by a pressure transmitting line 
that runs from the discharge side of the drum 
pilot valve to the underside of the piston that is 
attached to the spindle of the superheater safety 
valve. 

The superheater valve is set to pop at a 
pressure about 2 percent higher than the pres- 
sure which causes the drum pilot valve to pop. 
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Figure 15-4.— Two- valve superheater outlet 
safety valve assembly (Crosby). 

When the drum pilot valve pops, the steam pres- 
sure is transmitted immediately through the 
pressure line to the piston, and the superheater 
valve is thus actuated. If for any reason the drum 
pilot valve should fail to open, the superheater 
valve would open at a pressure approximately 2 
percent higher to protect the superheater. 

The Consolidated THREE-VALVE SUPER- 
HEATER OUTLET SAFETY VALVE ASSEMBLY 
shown in figure 15-5 is used on a number of 
1200-psi single -furnace boilers. The assembly 
consists of a pilot valve, a piston actuator, and 
an unloading valve. 

The spring-loaded pilot valve Is mounted on 
the top centerline of the steam drum. The piston 
actuator and the unloading valve are assembled 
as a unit and mounted on the piping at the super- 
heater outlet; they are connected to each other by 
a rocker arm. The piston actuator has a cyl- 
inder with a piston inside it. The unloading 
valve contains (1) an actuating valve connected 
to the rocker arm by a stem, and (2) a piston- 
type disk without a stem, which is held in line 
by the cylinder in which it works. The unload- 
ing valve is pressure loaded, not spring loaded. 

Steam from the superheater outlet enters 
the unloading valve cylinder and gathers around 
the valve disk above the seat. The steam bleeds 
through small ports to the space above the disk. 
When the actuating valve is closed, the steam 
above the disk of the unloading valve cannot es- 
cape, so the pressure above the disk equalizes 
with the pressure below the disk-that is, the 
pressure above the disk is equal to superheater 
outlet pressure. 

The cause of safety valve lifting in this 
assembly is excessive pressure in the steam 
drum, NOT excessive pressure in the super- 
heater. When the pilot valve on the steam drum 



opens, pressure is transmitted from the pi- 
lot valve to the cylinder of the piston actuator. 
Pressure in the piston actuator cylinder is 
applied under the piston, causing the spring to 
compress. The rocker arm moves upward at the 
end over the piston actuator and downward at the 
end over the unloading valve, thus opening the 
actuating valve. 

When the actuating valve opens, pressure 
above the piston-type unloading valve disk bleeds 
off to the atmosphere. The unloading valve there- 
fore opens, allowing steam to flow from the 
superheater to the atmosphere. When the pilot 
valve reseats, the actuating valve also reseats. 
As steam bleeds through the ports to the space 
above the disk in the unloading valve, pressure 
builds up and rapidly equals the pressure below 
the disk. The unloading valve closes. In sum- 
mary, then, the superheater unloading valve 
always opens immediately after the steam drum 
pilot valve opens and closes immediately after 
the pilot valve closes. 

MAINTENANCE AND REPAIR 

Safety valves must be maintained in the best 
possible operating condition at all times. All 
tests, inspections, and adjustments must be made 
as required. However, you should never make un- 
necessary repairs or adjustments. As a general 
rule, leave safety valves strictly alone (except 
for the required tests and inspections) as long as 
their operation is satisfactory. Disturbance or 
alteration of the internal parts often causes un- 
satisfactory operation in valves which were pre- 
viously working all right. 

After a period of service, it is likely that 
safety valves will simmer when they are within 
1-1/2 to 2 percent of their popping pressure. 
Such simmering does not require corrective 
action, provided the valve does not simmer at the 
boiler operating pressure. 

The popping and reseating pressures which 
are stamped on the valve name plate and given 
in the manufacturer's technical manual are 
specifically authorized by NavShips. If, after 
repeated efforts, the exact authorized popping 
pressures cannot be obtained, the following 
popping pressure tolerances are considered 
satisfactory as long as all valves on the boiler 
still pop in their proper sequence: 
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Figure 15-5. —Three-valve superheater outlet safety valve assembly (Consolidated). 



1. On boilers with a stem drum pressure 
of 325 psi or below (300 psi nominal standard 
safety valves or less) the desired tolerance 
is plus or minus 2 psi and the maximum toler- 
ance is plus or minus 3 psi. 

2. On boilers with a steam drum pressure 
of 326 to 710 psi (600 psi nominal standard 
safety valves) the desired tolerance is plus or 
minus 3 psi and the maximum tolerance is plus 
or minus 5 psi. 

3. On boilers with a steam drum pressure 
of 711 to 1410 psi (1500 psi nominal standard 
safety valves) the desired tolerance is plus or 
minus 5 psi and the maximum tolerance is plus 
or minus 10 psi. 

Safety valve settings must NEVER be in- 
creased or decreased without authorization 
from the Naval Ship Systems Command. Before 
authorization is given to increase safety valve 
settings, the boiler must be thoroughly inspected 



and hydrostatically tested for strength at 150 
percent of designed pressure. 

For continued satisfactory operation of 
safety valves, it is essential that all original 
dimensions be maintained very closely. Worn 
parts should be replaced when necessary. Grind- 
ing in of valve parts should be kept to a mini- 
mum, since any grinding involves the removal of 
metal and therefore changes the original dimen- 
sions. A safety valve may be ground in lightly 
once or twice without any appreciable effect on 
the clearances; but heavy or repeated grinding 
will change the dimensions and cause unsatis- 
factory operation of the valve. 

In many cases, neither the equipment nor 
the technical skill required for a complete over- 
haul of safety valves is available. Whenever pos- 
sible, safety valves in need of repair should be 
overhauled by a naval shipyard or by some other 
repair activity. Emergency repairs must some- 
times be made, however, so it is important that 
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a full allowance of boiler safety valve repair 
parts and tools be kept on hand at all times; and 
it is equally important that you have some under- 
standing of the correct procedures for repairing 
safety valves. In the normal course of events, you 
are not likely to have much chance aboard ship 
to work on safety valves or even to see others 
work on them. When your ship's safety valves are 
to be over hauled by a repair activity, you will find 
it to your advantage to go and watch the experts 
working on the valves. 

If it becomes necessary for you to grind 
in a safety valve or to make other repairs to it, 
be sure to consult the manufacturer's technical 
manual and the drawings. The discussion given 
here is intended to show some of the more im- 
portant aspects of safety valve repairs, with 
special emphasis on valves of the huddling cham- 
ber type. However, the Navy uses several differ- 
ent kinds of safety valves, and no single discus- 
sion can apply equally well to all types. Before 
attempting any repair to safety valves, there- 
fore, be sure you have a thorough understanding 
of the particular valve and be sure you have as- 
sembled ail pertinent information. 

Straightening the Spindle 

The spindle on a safety valve must be kept 
very straight and true with respect to its essen- 
tial working surfaces so that the spring force may 
be transmitted to the feather without any lateral 
binding. 

A dial indicator is generally used to check 
the trueness of the spindle. Two places where 
the trueness should be checked are (1) the point 
where the spring washer seats on the spindle, and 
(2) the point where the spindle passes through the 
spring compression screw. Any deviation from 
trueness should not exceed 0.003 inch. Figure 
15-6 shows the two points at which the trueness 
should be checked. If a spindle is found to be not 
true at either of these places it should be 
straightened or replaced. Any attempt to 
straighten the spindle should be done with light 
taps, using a soft faced hammer. 

Grinding in the Seat Bushing 

If a safety valve seat bushing is badly worn 
or damaged, the valve should be removed and the 
bushing remachined. Remachining may be ac- 
complished either with the seat bushing in place 



0 ^ POINT (I) 

\ P""-^-^ ^-SPRING Sf AT / 

CHUC * TAIL STOCK CENTER-^ 



104.23 

Figure 15-6.-Setup for checking straightness of 
spindle (showing points to check). 

in the valve body or with the bushing removed 
from the body. 

A seat bushing which is not damaged enough 
to require machine work may be ground in with a 
cast iron lap. 

Figure 15-7 shows how a lap may be used to 
grind in the seating surface of the seat bushing 
in a huddling chamber type of safety valve. The 
working surface (A) of the lap should be accu- 
rately and smoothly machined to form a45° angle 
with the guiding surface (B). Surface A must be 
truly centered with respect to surface B so that 
the final seat of the bushing will be truly round 
and accurately formed to the 45° angle. 

Rotate the lap back and forth about a quarter 
of a turn, shifting the position of the lap from 
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Figure 15-7. — Lap for grinding in seat bushing. 
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time to time so that the lap will be moved 
gradually, in -small increments, through sev- 
eral rotations. Be careful not to bear sidewise 
on the handle as this might make the seat out- 
of-round. Use the lapping and grinding com- 
pound specified by the manufacturer; generally, 
a 220-grain compound is used. Replenish the 
compound frequently while working on the seat. 

From time to time, spot in the seat to 
find out how the work is progressing. First wipe 
off all compound from the seat and from the lap. 
Then put a very small amount of light lubricat- 
ing oil on the surface of the lap, and rub the lap 
against the seat. A slight amount of polishing 
occurs, showing the location of the actual metal - 
to -metal contact. If the contact is uneven, cor- 
rect it by further grinding in. 

Grinding in the Feather 

After the seat bushing has been ground in, 
spot in the feather. Remember that the correct 
location of the seat contact is different on dif- 
ferent types of safety valves. In the nozzle re- 
action type of safety valve, the seating surfaces 
of the disk and the nozzle are flat. In the huddling 
chamber type of steam drum safety valve, the 
seat contact is narrow and quite low, as shown in 
figure 15-8. Some superheater outlet unloading 
valves are designed with a feather that is similar 
to the feather in the huddling chamber type of 
steam drum safety valve; however, the seatcon- 
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Figure 15-8.-Details of feather in hud- 
dling chamber safety valve. 



tact is usually high on the feather, rather than 
low, in the superheater outlet valve. The exact 
location of the contact must ALWAYS be de- 
termined from the manufacturer's technical 
manual or other authoritative source. 

A very fine lapping and grinding compound 
should be used for beginning to grind in the 
feather. Compound with a grain of 600 is fre- 
quently used for this purpose, and may, in fact, 
be the finest that you will be able to obtain. How- 
ever, even this grade is somewhat coarse for 
grinding in the feather of a safety valve. Apply 
the compound very sparingly and work very care- 
fully to avoid overgrinding. 

In the huddling chamber type of safety 
valve, the seat angle on the seat bushing is gen- 
erally 45° and the seat angle of the feather is 
usually 44-1/2°. The use of these angles gives 
the desired seating contact when the valve is 
ground in under factory conditions. However, it 
has been found that an angle of 45° on the seat 
bushing and 44° on the feather will generally 
give the best results when the valve is being 
ground in under service conditions. 

When the seating surface of the feather has 
been ground in to the proper width, angle, and 
location, bring the seating surfaces of the feather 
and the bushing to a brilliant polish. To do this, 
you must first wipe the surfaces entirely clean; 
then apply a small amount of light lubricating oil 
and turn the feather to polish both surfaces. 

Using the Seat Gage 

A seat gage is generally furnished for use 
in checking the dimensions and angles of the 
feather and the seat bushing. When using the 
seat gage, be sure to apply the appropriate part 
of the gage to each part of the feather and the 
seat bushing. Figures 15-9, 15-10, 15-11, and 
15-12 show the proper use of the seat gage. 

Measuring and Cutting 
the Overlap 

Many huddling chamber safety valves op- 
erate on the back-pressure principle— that is, 
steam pressure from steam which is trapped on 
the upper side of the feather is utilized to 
assist the spring in forcing the feather back 
down on its seat. When the valve is blowing, a 
small amount of steam is bled from the huddling 
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Figure 15-9.-Seat gage applied to 
feather seat. 



98.85 



chamber into another chamber; this bleed steam 
escapes to the atmosphere between a floating 
washer and the overlap shoulder on the spindle. 
As the valve starts to close, the overlap shoulder 
reaches the top of the floating washer, thereby 
trapping the bleed steam in the chamber below, 
setting up a pressure on top of the feather, and 
closing the valve. 

The distance from the top of the floating 
washer to the overlap shoulder is known as the 
OVERLAP. This distance must be correct in 
order for the valve to function properly. After 
the seats have been reconditioned, or after new 
parts have been installed, the overlap must be 
checked and made standard. The size of the 
overlap varies according to the size of the bore 
and the pressure for which the valve is designed. 
Consult the manufacturer's technical manual for 
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Figure 15-ll.-Seat gage applied to 10° 
taper on feather. 

the overlap size on any particular valve of this 
type. 

An OVERLAP MEASURING COLLAR should 
be used to measure the overlap, as shown in 
figure 15-13. Place the collar over the spindle 
and bring it down on top of the floating washer. 
Make sure that the feather is seated and that 
the spindle is resting firmly in the pocket of 
the feather. Tighten the lock screw so that the 
collar is heldfirmly onto the spindle, and remove 
the spindle and collar together. Then measure 
the distance from the bottom of the measuring 
collar to the edge of the overlap shoulder (in- 
dicated as B in figure 15-13). This distance is 
the overlap. 

If the overlap is too large, machine the 
surface A at a 45° angle until the overlap is 
reduced to the proper size. Finish with an ab- 
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Figure 15-10.-Seat gage applied to 
roof of feather. 
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Figure 15-12.-5eat gage applied to 
seat bushing. 
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Figure 15- 13. -Method of measuring overlap. 

rasive cloth, and break the edge B with an oil- 
stone. 

If the overlap is too small, machine the ball 
point of the spindle to permit the spindle to take 
a lower position. In machining the ball point, 
be careful to keep the same contour. 

If the floating washer is not entirely free, 
drive out the rivet C and unscrew the retaining 
nut D. Remove the floating washer and clean all 
parts of the assembly. When reassembling, put 
in a new rivet. 

Assembling the Valve 

Before assembling the valve, clean the ball 
point of the spindle and the pocket in the feather, 
to remove any accumulation of rust or other 
foreign matter. Be sure that the spring seat 
makes a good contact with the lower spring 
washer. Check the blowdown adjusting ring to be 
sure it turns freely. If the repair work on the 
valve has consisted only of a moderate amount 
of retouching the seats for tightness, the ring 
may be left in the same position as before the 
work was begun. If parts have been remachined 
or replaced, raise the blowdown adjusting ring 
half a turn in order to prevent multiple popping 
or chattering while the valve is being reset. 

Wipe the seats of the feather and the bushing 
and make sure they are entirely free of dirt, 
lapping compound, and other foreign matter. As- 
semble the feather, guide, and spindle. Be sure 
the spindle threads are screwed completely 
through the threaded portion of the feather, so 
that the ball point of the spindle rests in the bot- 



tom of the feather pocket. Assemble the top over 
the end of the spindle, with the spring and the 
washers in place, and tighten the flange nuts. 

Screw the release nut back onto its approx- 
imate position on the spindle. Install the cap 
with the cam lever in place. Insert the top lever 
and its pin. Turn the release nut until a l/8-inch 
clearance is obtained between the top lever and 
the cam lever, when the cam lever is located over 
one of the side ribs of the top. Remove the cap 
and install the cotter pin. 

Testing and Setting 
Safety Valves 

Before a safety valve is installed on a boiler, 
it must be given a hydrostatic test. The hydro- 
static test pressure should be approximately 
equal to boiler operating pressure; it must NOT 
be great enough to cause the safety valve to lift. 
The purpose of the hydrostatic test is to test for 
leakage, not to test the popping pressure of the 
valve. 

Boiler safety valves should be tested after 
each regular cleaning period or general over- 
haul of a boiler, before the boiler is put back 
into service. More specifically, boiler safety 
valves must be tested after each 1800 hours of 
boiler operation and after every hydrostatic 
test. Each individual valve of each group must be 
lifted by steam and must be reset if there is any 
discrepancy between the actual and the author- 
ized popping and reseating pressures. Safety 
valves should also, of course, be tested at any 
other time when their operation indicates that 
testing is necessary. 

IF THE SAFETY VALVES OF ANY BOILER 
CANNOT BE ADJUSTED TO LIFT PROPERLY, 
THE BOILER MUST NOT BE USED FORSTEAM- 
ING UNTIL THE FAULT HAS BEEN COR- 
RECTED. 

The pressure gage installed on each boiler 
should be used to set all safety valves installed 
on that boiler. The pressure gage should be 
carefully calibrated before any safety valve is 
tested, set, or reset. Pressure gages on all 
boilers should be calibrated to agree as closely 
as possible, particularly within 50 psi above and 
below boiler operating pressure. 

In order to test and set a safety valve, you 
must first gag all other safety valves on the 
boiler. The gag screw should be made HAND- 
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TIGHT only. Do NOT use excessive force in ap- 
plying the gag, as this might bend the spindle or 
damage the seating surfaces of the feather and 
the seat bushing. 

On the valve being tested, be sure that the 
lugs on the upper spring washer do not touch the 
bonnet. 

To conduct the steam test, light off the 
boiler with one burner, following the boiler 
lighting-off procedures specified in the Naval 
Ships Technical Manual. Take whatever steps 
are necessary to ensure an adequate flow of 
steam through the superheater. After the pres- 
sure has risen somewhat, cut in one more 
burner with a larger size sprayer plate. Bring 
the boiler pressure up above operating pressure. 
When the boiler pressure is almost up to the 
safety valve popping pressure, secure the 
lighting-off burner. Continue to raise steam 
pressure, using the other burner, until the 
safety valve pops. Immediately secure the sec- 
ond burner. Note the pressure at which the 
safety valve popped. After blowaown has oc- 
curred, note the pressure at which the valve re- 
seats. After a short interval, light off again and 
make a second test of the popping and reseating 
pressures of the safety valve. Between pops, 
drop the boiler pressure to just above boiler 
operating pressure. 

Superheater outlet safety valves should 
NOT be popped more than once, as described 
above, unless allowance is made for the effect 
of heat on the valve spring. If possible, allow a 
cool-down period of at least 1 hour between pops; 
or, if this is not feasible, remember that blow- 
down is shortened about 1/2 of 1 percent for each 
100-degree rise in temperature. 

To steam test a boiler for the purpose of 
testing safety valves, it is of course necessary 
to exceed the authorized operating pressure of 
the boiler. It is important to note that this is the 
ONLY situation in which the Naval Ship Systems 
Command authorizes raising the boiler pres- 
sure above the specified operating pressure. 

When setting a safety valve, first set the 
popping point. Then, if necessary, make the 
blowdown adjustment. On all types of safety 
valves commonly used In the Navy, the popping 
point is set by adjustment of the compression 
screw. Blowdown adjustment is made in various 
ways, depending upon the type of valve. 



In the huddling chamber safety valve, blow- 
down adjustment is made by raising or lowering 
the adjusting ring. This ring is threaded right- 
handed on the seat bushing. Lowering the ad- 
justing ring decreases the amount of blowdown 
and raises the reseating pressure. Raising the 
adjusting ring increases the amount of blowdown 
and lowers the reseating pressure. 

In the nozzle reaction type of safety valve, 
the upper adjusting ring is the principal means 
of blowdown adjustment. When adjusting this 
ring, remember that it is ABOVE the space 
through which the steam flows as the valve be- 
gins to lift. Therefore, raising the upper adjust- 
ing ring decreases the amount of blowdown. The 
nozzle ring also affects the amount of blowdown; 
however, the nozzle ring is factory set and sel- 
dom requires resetting in service. If it is nec- 
essary to adjust the nozzle ring, remember that 
raising the ring increases the nozzle effect and 
thus increases the blowdown. Lowering the 
nozzle ring reduces the nozzle effect and thus 
decreases the blowdown. 

When adjusting the blowdown on any type of 
safety valve, be sure to keep an accurate count 
of the number of notches and the direction that 
you move each ring. This will allow you to return 
the ring to its original setting, in case of error, 
and thereby prevent gross maladjustment of the 
ring. 

It is very important to follow the manu- 
facturer's instructions when setting safety 
valves. In particular, be sure to find out how 
much each adjustment will affect the popping 
pressure or the reseating pressure. For ex- 
ample, the manufacturer may specify a limit as 
to the number of notches that an adjusting ring 
may be moved for any one adjustment, and also 
the total number of notches that an adjusting 
ring may be moved altogether. 

A few specialpoints should be noted in con- 
nection with testing and setting the superheater 
valve of the Crosby two -valve superheater out- 
let safety valve assembly. The superheater 
valve is normally operated by the drum pilot 
valve. If for any reason the drum pilot valve 
fails to lift, the superheater valve is designed to 
function independently andtopop at approximately 
2 percent above the drum pilot valve setting. 

Since the operation of this superheater valve 
is affected by superheater outlet temperature, 
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as well as pressure, particular care must be 
taken to maintain a constant superheater outlet 
temperature while the valve is being tested. The 
main object of testing the superheater valve is to 
make sure that it opens and closes sharply, 
even though there may be some variation in the 
opening and closing pressures. The valve should 
close from a relatively high lift without hanging 
at a low-lift position while the pressure drops. 
If the valve tends to drop down in lift gradually 
during the blow down and to close from a very 
low lift, it is usually necessary to lower the ad- 
justing ring to obtain sharp closure. If the re- 
seating pressure is below the desired point and 
the closing lift is low, the nozzle ring should be 
lowered a notch at a time until the valve closes 
sharply within the desired blowdown range. It 
may be necessary to lower the adjusting ring at 
the same time, in order to obtain best perform- 
ance. 

To determine the popping pressure of the 
Crosby superheater valve when it is operated 
solely as a spring-loaded valve, without the 
drum pilot, it is necessary to gag the drum 
pilot. This type of test is necessary ONLY at the 
initial setting of the valve. All subsequent tests 
of the superheater valve should be made in com- 
bination with tests of the drum pilot valve; when 
the superheater valve is actuated by the drum 
pilot, the popping pressures of the two valves 
are identical. 

Assembling the Lifting Gear 

The lifting gear for a boiler safety valve 
should not be assembled until after the valve 
has been tested and set. When assembling the 
lifting gear, take particular care to make 
proper installation of the fork lever (or top 
lever) that is used for manual lifting of the 
valve. Many cases of incorrect installation of 
the fork lever have been reported; the most 
common error is installing the fork lever up- 
side down. Incorrect positioning of the lever 
causes the valve spindle to be forced off center, 
and this is likely to cause valve leakage. Fur- 
thermore, inversion of the fork lever will, in 
most safety valves, prevent full lift when the 
valve is actuated by hand. The correct position 
of the fork lever for each type of valve should 
be checked in the manufacturer's technical 
manual before the lifting gear is assembled. 



Inspecting and Testing 
the Lifting Gear 

The hand gear for lifting safety valves 
must be examined carefully and operated, inso- 
far as this is possible WITHOUT LIFTING 
THE SAFETY VALVES, before a boiler is 
lighted off. This inspection requirement should 
be included on boiler lighting -off sheets. 

Every 3 months, the safety valves and the 
hand lifting gear must be tested by actually lift- 
ing the valves by hand when the steam pressure 
is within 100 psi of the reseating pressure. The 
valves must be lifted enough to give a good blow, 
so that scale will not lodge on the valve seats. 
It is important to see that each individual safety 
valve actually is lifted during this test. 

SAFETY VALVE TROUBLES 

The operating troubles most frequently en- 
countered with boiler safety valves are chatter, 
simmer, leakage, and hang-up. 

Chatter 

Chatter may be indicated either by a metal- 
lic hammering sound or by a definite vibratory 
noise. The cause of chatter may be improper 
overlap distance, a bent spindle, improper 
clearances, or a blowdown ring that is too loose 
or shaky on its threads. If a valve chatters im- 
mediately after popping, the cause is probably 
insufficient steam flow or excessive back pres- 
sure. If a valve chatters just before reseat- 
ing, the adjusting ring is probably set in a 
way that prevents full blowdown. Chatter must 
be stopped very quickly or the valve will be 
ruined. 

Simmer 

The first escape of steam before a safety 
valve pops is known as SIMMER. Simmering is 
allowable within 1-1/2 to 2 percent of the pop- 
ping pressure, provided it does not occur at 
boiler operating pressure and provided the sim- 
mer is less than the blowdown. Greater sim- 
mer may indicate that the blowdown adjust- 
ment is incorrect. The blowdown ring may be 
set too low or the feather may not be lapped 
sufficiently. 
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Leakage 

Leakage is usually indicated by a constant 
hissing at pressures below the blowback point. 
Leakage may be caused by damaged seating sur- 
faces; defective valve parts; the presence of 
scale or metal chips on the seating surfaces; 
binding of the lifting gear, the spindle, or other 
parts; or distortion caused by uneven stress on 
the flange bolts, improper installation of the ex- 
haust pipe, or an imperfect bearing surface on 
the valve pad or support. 

The first thing to try as a remedy for safety 
valve leakage is to lift the valve and give a gen- 
erous blow. If the leakage was causedby scale or 
other foreign matter on the seating surfaces, the 
blow will probably remove the material and the 
valve will no longer leak. If the blow does not 
stop the leakage, gag the safety valve and deter- 
mine the cause of the leak. Leakage in safety 
valves should not be allowed to continue un- 
checked, since it may indicate dangerous defects 
in the valve. 

Hang -Up 

When a boiler safety valve will not reseat 
properly after it has popped and blown down, the 
cause may be either improper blowdown adjust- 
ment or some kind of mechanical interference. 
If the trouble cannot be corrected by changing 
the blowdown adjustment, the valve must be dis- 
assembled so that the cause of the trouble may 
be determined. The spindle should be checked 
first, as it is a fairly common cause of hang -up. 

SOOT BLOWERS 

Soot blowers are installed on boilers for the 
purpose of removing soot from the firesides 
while the boilers are steaming. Soot blowers 
must be used to blow tubes on all steaming 
boilers at least twice a day while underway and 
once a day during in-port steaming. Actually, 
these are the minimum requirements for blow- 
ing tubes. For most economical boiler operation, 
it is highly desirable to blow tubes once each 4- 
hour watch while under way and twice a day 
while in port. In addition, tubes should be blown 
as soon as possible after heavy smoke has been 
made and they should be blown just before the 
boiler is secured. 



Soot blowers must be used in the proper se- 
quence so that the soot will be swept progres- 
sively toward the uptakes. Normally, the upper- 
most soot blowers are used at the beginning and 
then again at the end of the blowing sequence. 
The exact sequence for blowing tubes should be 
obtained from the manufacturer's technical man- 
ual for each boiler. 

The manufacturer's technical manual should 
also be consulted for details on the construction, 
operation, and maintenance of soot blowers in- 
stalled on any particular boiler. Two makes of 
soot blowers (Diamond and Vulcan) are com- 
monly used on naval boilers; although these two 
types are similar in many ways, they differ in 
the manner of joining the element to the head and 
in certain other details of construction. 

Most soot blowers can be rotated through a 
full 360° circle, although some can be ro- 
tated only through a part of a circle. On some 
soot blowers, the admission and cutoff of steam 
is so controlled that the tubes are swept only 
during a part of each rotation of the element. 
The part of each rotation during which steam is 
admitted and tubes are swept is called the 
BLOWING ARC. Blowing arcs are controlled by 
cams or by stops. 

Some soot blowers are operated by endless 
chains, others by hand cranks, and still others 
by pushbuttons. On the pushbutton type, pressing 
the button admits air to an air motor that drives 
the unit. 

Multinozzle soot blowers are used in most 
locations. Retractable and stationary soot blow- 
ers are also used on some of the newer single - 
furnace boilers. 

Soot blowers are useful, but they can also 
be very dangerous. A soot blower casualty 
usually allows large quantities of superheated 
steam to escape very rapidly into the fireroom 
or machinery space. Most soot blower casualties 
could be prevented by (1) observing all required 
operational precautions, and (2) carrying out all 
necessary inspection and maintenance proce- 
dures. 

One dangerous practice that appears to be 
rather common is using the soot blowers without 
taking time to warm up the steam line gradually 
and thoroughly. When superheated steam is ad- 
mitted suddenly to the relatively cool piping, the 
piping is subjected to thermal shock severe 
enough to cause piping failure. 
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Another dangerous practice is using excess- 
ively high steam pressures to blow tubes. Some- 
times this results from a combination of opera- 
tional and mechanical defects. For example, an 
extremely serious soot blower casualty occurred 
when a soot blower element separated from the 
head while tubes were being blown. The resulting 
steam leak forced emergency evacuation of the 
fireroom. Investigation of the casualty showed 
that excessively high steam pressure was being 
used to blow tubes. Why was the steam pressure 
so high? Because there were no orifices or 
valves for reducing the steampressure. But why 
had the defect never been noticed? There is 
probably no simple answer to this question, but 
it seems likely that proper inspection and main- 
tenance procedures might have disclosed the de- 
fect before the casualty occurred. 

Operating steam pressure for soot blowers 
must not exceed 300 psi plus a certain toler- 
ance. However, some soot blowers are set to op- 
erate at a much lower pressure. Always check the 
manufacturer's technical manual for proper soot 
blower operating pressure. If no pressure limit 
is given, then 300 psi (plus tolerance) applies. 
The tolerance, which is actually an allowance 
for the pressure drop which occurs before the 
steam enters the element, must not exceed 25 
psi; and in some cases an even lower tolerance 
is specified. The steam pressure is reduced to 
300 psi (plus tolerance) by some type of reducing 
orifice or pressure control disks. The steam 
pressure should be checked by temporarily in- 
stalling a pressure gage at the connection pro- 
vided for this purpose on the soot blower head 
as shown in figures 15-14 and 15-15. If an ac- 
curate pressure gage indicates that the operating 
steam pressure is higher than 300 psi (plus tol- 
erance), it will be necessary to replace the de- 
fective orifice disks or to reset the pressure 
control disks. In any case, if you find that the 
soot blower operating steam pressure is higher 
than it should be, do not use the soot blower un- 
til the defective orifice disks have been replaced 
or the pressure control disks have been reset to 
the correct pressure (plus tolerance). Report 
all the facts to the engineer officer before any 
repair action is started. 

Soot blower casualties have also occurred 
as the result of steam lines rusting out, bear- 
ings coming loose, worn-out parts giving way, 



PRESSURE GAGE 
AND PIPING 




RELIEF VALVE PLJG 

104.24 

Figure 15-14.— Pressure gage installation 
(Diamond soot blower). 

and similar troubles that are rather directly re- 
lated to improper inspection and maintenance. 

Some of the important aspects of soot 
blower inspection and repair that you as a 
Boilermaker may have to perform are discussed 
in the following section. 

SOOT BLOWER PIPING 

All soot blower piping and connections 
should be examined at each major overhaul and 
at any other time when there is reason to suspect 
unsatisfactory conditions. When the supply piping 
is being inspected, a check should be made to see 
that the piping is installed in accordance with the 
latest applicable NavShips drawing. If the supply 
piping is not properly installed, it should be 
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Figure 15 -15. -Installation of pressure gage (stationary soot blower). 



altered when repair or renewal of piping be- 
comes necessary. Soot blower piping should be 
renewed whenever the wall thickness has been 
reduced by 10 percent of the specified thickness. 

Portions of the soot blower piping that are 
not accessible for visual inspection may be lightly 
hammer tested. Before soot blower piping can be 
inspected visually or hammer tested, some of the 
lagging must be removed. It is essential that the 
lagging be replaced correctly after the inspec- 
tion. 

It should be noted that insulation and lagging 
should NOT be used on soot blower steam piping 
that is located underneath the floor plates. If such 
lines were insulated and lagged, corrosion would 
be likely to proceed unnoticed and unchecked, 
with consequent danger of the lines giving way. 
Portions of the soot blower steam piping that are 
underneath the floor plates should be left bare, 
except for being painted with a heat-resisting 
paint. 

Drain nipples or drain valves are provided 
at low points in the supply piping. The drain 
valve may have either a hole drilled in the valve 
disk or a notch cut in the valve seat. All drain 



openings must be checked with a probe from 
time to time to make sure they are open. 

Soot blower piping should be installed so 
that it slopes continuously downward from the 
element to the drain nipple or the drain valve. 
The piping should be free of pockets and should 
have no horizontal sections. The drains should 
be located in such a position that the discharge 
does not drain onto drums, casings, piping, or 
machinery. Also, care must be taken to see that 
the discharge does not constitute a hazard to 
personnel. Generally the drains should be ar- 
ranged to discharge well below the floor plates, 
about 6 inches above the bilges. 

SOOT BLOWER HEADS 

All moving parts in the soot blower heads 
must be inspected regularly to make sure that 
they operate freely and that they are not ex- 
cessively worn or corroded. During each major 
overhaul or FRAM modernization or conversion, 
soot blower heads must be very carefully 
checked to see whether or not they are suitable 
for continued service. Each head must first be 
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cleaned of all corrosion products; the thickness 
of the head must then be measured by an ap- 
proved ultrasonic measuring device. The head 
may also be given a radiographic inspection to 
determine the soundness of the casting. Any 
head having a thickness of 50 percent less than 
the original thickness specified on the appli- 
cable drawings, and any head shown to be struc- 
turally unsound by radiographic examination, 
must be discarded immediately. 

When soot blowers are being installed, or 
when they are being reassembled after repairs 
that have required the removal of the soot 
blower heads, the soot blower head must be at- 
tached to the end of the element in such a way 
that the element nozzles will line up correctly 
with the tubes, as shown on the boiler plans. On 
most soot blowers, arrows are cast on the out- 
side of the large gear wheel on the head to show 
the direction in which the nozzles are pointing. 
When assembling or reassembling soot blowers, 
be sure that the elements are installed so that 
the nozzles point in the direction indicated by 
the arrows. 

Positive steps must be taken to make sure 
that the elements are firmly attached to the 
heads. In some soot blowers, a coupling attach- 
ment is used; in others, the element and a head 
extension piece are each screwed into a flange 
and the flanges are bolted together. In either 
type, there must be a thread engagement of at 



least 1/2 inch and all screws must be firmly set. 
Also, the screwed connections must be tack 
welded in at least three locations around the 
periphery. Figure 15-16 shows a soot blower 
coupling connection. 

SOOT BLOWER PACKING 

On most multinozzle soot blowers, there are 
a few places that require the occasional addition 
or renewal of packing. Split-ring packing is 
usually used on soot blowers; however, you 
should consult the manufacturer's technical 
manual and the drawings for specific information 
on the packing to be used (and the places in which 
it is to be used) for any particular boiler. 

If leaks cannot be stopped by taking up on 
the packing glands, the addition of one or two 
packing rings to each gland may solve the prob- 
lem. If leakage is severe, or if the old packing 
has been in service for quite a while, it is best 
to remove all the old packing and replace it 
completely. 

STEAM VALVES 

The soot blower steam valves must be kept 
in good condition so that they will seat properly 
and so that they will not leak. The existence of 
leaks may sometimes be indicated by the pres- 
ence of furnace gases at the drain connections. 
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Oil should not be used on the valve stems, 
as it may form a gummy deposit that could 
cause the valve stem to stick in the guide. If a 
valve stem does stick, it should be removed 
from the valve and cleaned with an emery cloth. 

It is possible to grind in the steam valve 
without removing the soot blower head from the 
boiler. Remove the gooseneck flange bolts and 
the nuts on the end of the bracket stud. The en- 
tire unit may then be pulled out and the gooseneck 
turned to any position convenient for grinding in 
the valve. 

If it is possible to remove the soot blower 
head from the boiler, the operation of grinding in 
the steam valve may be easier. First break the 
gooseneck flange joint and then remove the cap 
screws that hold the bottom of the bracket to the 
gooseneck. Next remove the nut on the inner end 
of the sheave wheel shaft. The gooseneck can 
now be drawn off the swivel tube without dis- 
turbing the packing, and the gooseneck can be 
taken to the shop so that the valve can be ground 
in. 

Both the valve disk and the valve seat are 
renewable. They should be replaced rather than 
reground if they are badly worn or damaged or if 
they have previously been overground. 

SOOT BLOWER ELEMENTS 

Most soot blower elements (except those of 
the retractable type) are fabricated of 1-1/2- 
inch or 2-inch tubing having venturi-form noz- 
zles disposed equidistantly along one side. 
Specifications require that the spacing of the 
nozzles should not be greater than every third 
tube if the axis of the element is at right angles 
to the axis of the tubes, or not greater than 3 
inches if the axis of the element is parallel to 
the tubes. 

The metal used in soot blower elements de- 
pends upon the gas temperatures to which the 
elements will be exposed, so the elements are 
NOT interchangeable even if the nozzles are 
identical in size and spacing. If the soot blowers 
must be disassembled, it is important to identify 
the elements so that they can be reinstalled in 
their correct locations. 

If an element does not revolve freely, the 
most likely cause is warping of the element. 
Sometimes you can straighten an element with- 
out removing it from the boiler, if the bearings 



are properly aligned and firmly attached. To 
straighten an element in place, turn it to the 
point where it binds hard in the bearings; then 
leave it in this position for a few hours. 

If this procedure does not straighten the 
element so that it revolves freely, remove the 
element from the boiler, heat it, lay it on a 
level surface, and tap it with a wooden block un- 
til it is straight. In general, plain steel elements 
and some alloy steel elements should be heated 
to about 1500°F; they may or may not require 
quenching after they have been straightened. 
Other alloy elements must be heated to a higher 
temperature (about 1600°F) and must be 
quenched. Always consult the manufacturers 
technical manual for the exact temperatures and 
for the quenching procedures (if any) that may 
be required. The various alloys used for soot 
blower elements react quite differently to heat- 
ing and quenching, so the differences in procedure 
are actually more important than they might seem 
at first glance. 

SOOT BLOWER BEARINGS 

Bearings for the soot blower elements are 
made of the same material as the elements, so 
the material varies according to the location of 
the bearings. 

When tightening or renewing bearings, be 
sure that the boiler tubes are absolutely clean 
where they come in contact with the bearings. 
After tightening the bearing bolt nut, tap the 
bearing lightly with a hammer to make sure that 
the bearing fits close against the tube. Then pull 
up on the nut one or two more turns to ensure 
an absolutely tight fit. 

SOOT BLOWER CAMS 

On many soot blowers, the blowing arcs are 
controlled by cams. The cam settings should be 
checked at least once a year against the boiler 
plans to make sure that steam is being admitted 
to the soot blower elements only when the ele- 
ments are rotated through their proper blowing 
arcs. The correct blowing arc of each soot 
blower is shown in the manufacturer's tech- 
nical manual for the boiler. The cams must 
be set so that the nozzles will not blow directly 
onto headers, drums, or baffles at close 
range. 
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To set a cam on a multinozzle soot blower 
that has a blowing arc of less than 360°, first 
remove the cam from the gear wheel. Set the 
element nozzles in the position they should be 
in when the valve in the soot blower head starts 
to open. With the head in position, attach the 
cam to the gear wheel by means of two cam 
bolts, made up handtight, so that the opening end 
of the cam is in contact with the end of the trig- 
ger. Turn the head until the nozzles are in the 
position they should be in when the valve has 
just closed. Now bolt the cam securely to the 
gear wheel, making sure that the opening end of 
the cam is in the correct position. Check the 
blowing arc carefully; observe the position of the 
nozzles when the valve starts to open and when 
it has just closed, to be sure that the steam jets 
will not strike any headers, drums, or baffles at 
close range. 

SCAVENGING AIR SYSTEM 

A check valve is installed in the scavenging 
air piping, very near to the soot blower head. 
This valve must always be installed with the cap 
of the valve facing downward so that the valve 
will normally be in the open position. When tubes 
are being blown, steam enters the short length of 
air piping between the soot blower head and the 
check valve. The valve then closes. When tubes 
are not being blown, the air pressure in the 
scavenging air line keeps the check valve open. 

The check valve must be inspected fre- 
quently. Particular care must be taken to see 
that the valve is kept clean and free of corro- 
sion products or other material that would inter- 
fere with the operation of the valve. 

The scavenging air piping between the check 
valve and the soot blower head is made of the 
same material as the soot blower steam piping, 
and is insulated and lagged in the same manner. 
The scavenging air line between the check valve 
and the boiler casing consists of bent copper 
tubing. The copper tubing should be so arranged 
that, in the event of failure of the check valve, the 
bend of the tubing will serve to deflect the steam 
downward, away from the boiler casing and away 
from the registers. 

The scavenging air piping between the check 
valve and the soot blower head should be checked 
and tested in the same manner and at the same 
intervals as the soot blower steam piping. The 



copper tubing should be checked quite often to 
see that it is not stopped up with foreign matter 
and that it has not developed holes or cracks. 

RETRACTABLE SOOT BLOWERS 

Retractable soot blowers require special at- 
tention because they are located in the hottest 
part of the boiler furnace, where they may suffer 
heat damage. Each time a boiler is taken out of 
service, check the retractable soot blower care- 
fully. Extend the element into the furnace and 
check the blowing arc. If the unit does not appear 
to have the proper blowing arc, it may be that 
the nozzle blades or the nozzle block are distor- 
ted. Check the pressure adjustment. If the blow- 
ing pressure is low, this may be a sign of de- 
fects such as worn piston rings, a gouged or 
steam-cut steam chest, or a damaged steam 
spindle. 

Packing around the feed tube gland and 
around the valve stem should be replaced when 
necessary. Check frequently to be sure that the 
retractable unit drains properly, that the shutoff 
valves are tight, and that the internal sealing 
rings are in good condition. Also, check the con- 
dition of the refractory around the opening that 
admits the retractable soot blower. This re- 
fractory must be kept in good condition in order 
to protect the boiler casing. 

OIL DRIP DETECTOR PERISCOPE 

Some naval boilers are equipped with oil 
drip detector periscopes of the type shown in 
figure 15-17. By using this periscope, operating 
personnel can inspect the floor between the 
double casings, under the burners, to see if any 
oil has accumulated there. As you can see from 
figure 15-17, this device is similar in principle 
to the smoke periscopes that are used on most 
modern naval boilers. 

The oil drip detector periscope requires 
some simple but regular care. The inner mirror 
is chrome finished, and should be cleaned witha 
dry cloth each time the boiler is taken out of 
service. The lamp globe should also be cleaned 
each time the boiler is out of service. The pack- 
ing and gaskets should be checked periodically 
for air leakage. Air leakage through a packing 
gland can usually be stopped by taking up on the 
gland nut. Air leakage through a gasket should 
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Figure 15-17.-OU drip detector periscope. 

be corrected by removing the gasket, coating it 
with shellac, and reinstalling it. 

The vision glass must be cleaned from time 
to time, and may occasionally require replace- 
ment. To get at the vision glass, slack off on the 
screw and nut that hold the vision glass housing; 
then remove the housing, loosen the lock nut, and 
remove the gasket. 

In order to replace the lamp bulb, it is only 
necessary to remove the bolts that ho Id the lamp 
globe in place. The bulb can be replaced from 
outside the casing, without the necessity of re- 
ducing the air pressure. 

SUPERHEATER STEAM FLOW INDICATORS 

Many boilers-particular ly double- furnace 
boilers-are equipped with superheater steam 
flow indicators. Where installed, these indica- 
tors should be kept in good condition and should 
always be used when the boiler is being operated. 
There seems to be a tendency for fireroom per- 
sonnel to regard the indicators as unnecessary, 
and when an instrument gets out of order it is 
sometimes left unrepaired for a long time. This 
practice is definitely hazardous. The super- 
heater outlet thermometers indicate tempera- 
ture at the outlet, not inside the superheater ; and 
on a double -furnace boiler, it is possible to have 
no flow through the superheater while the ther- 



mometers are giving perfectly normal readings 
at the outlet. In other words, you have no way of 
knowing that the superheater is not burning up 
unless you have a steam flow indicator that is 
working accurately. 

Two types of superheater steam flow indi- 
cators (Yarway and Jerguson) are in common 
naval use. Although they both respond to the 
pressure differential between the superheater 
inlet and the superheater outlet and are cali- 
brated to read inches of water, they differ in the 
mechanism by which this pressure difference is 
measured and transmitted to an indicating 
pointer. 

YARWAY SUPERHEATER 
STEAM FLOW INDICATOR 

The Yarway superheater steam flow indi- 
cator responds to the difference between super- 
heater inlet pressure and superheater outlet 
pressure, as these two pressures act upon sep- 
arate columns or heads of water. The indicating 
unit measures the pressure difference, which is 
transmitted to the indicating pointer. The scale 
is calibrated in inches of water. Cross -sectional 
views of a Yarway indicating unit are shown in 
figures 15-18 and 15-19. For further information 
on the operation of the Yarway superheater 
steam flow indicator, consult Boilerman 3 & 2, 
NavPers 10535-E. 

Steam flow indicators are originally cali- 
brated at the factory, and they seldom require 
recalibration in service. Do not attempt to re- 
calibrate an indicator unless you are sure you 
understand how to do it and have the required 
equipment at hand. Until fairly recently, recali- 
bration of steam flow indicators was normally 
considered a shipyard job. However, some 
large ships have set up their own testing and 
recalibration facilities. The following sections 
indicate one way of making up and using test 
and calibration equipment aboard ship. Since the 
equipment for testing and recalibrating steam 
flow indicators is usually made up by ship's 
force, details of the setup will vary from one 
ship to another. 

TESTING FOR LEAKS.-The following equip- 
ment, shown in figure 15-20, is needed to 
test superheater steam flow indicators for 
leaks: 
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Figure 15- 18. -Cross section of Yarway 
indicating unit (front view). 

1. One nitrogen cylinder. 

2. One pressure regulator (with two gages) 
capable of regulating pressure from 0 to 3000 
psig. 

3. One bleed valve. 

4. Piping or tubing, high pressure flexible 
hoses, and fittings to connect the nitrogen cyl- 
inder to each side of the instrument. 

With the indicator unit removed from the 
case, connect the two flexible hoses to the indi- 
cator as shown in figure 15-20. The two flexible 
hoses must be connected by a T -fitting to a 
common line leading to the nitrogen cylinder so 
that equal pressure will be applied to each side 
of the diaphragm in the indicator unit. (Unequal 
pressures would damage the diaphragm.) Adjust 
the pressure regulator on the nitrogen cylinder 
to provide a pressure slightly greater than the 
operating pressure of the boiler from which the 
indicator was taken. Completely submerge the 
indicator in fresh water, to test the tightness of 



all joints and connections. Leaks are indicated 
by bubbles in the water. 

When a test shows that the indicator is tight 
and does not leak, reduce the regulator pressure 
to zero. Use the bleed valve to bleed off to at- 
mosphere the nitrogen remaining in the flexible 
hoses and in the line to the cylinder. Then reas- 
semble the indicator unit in its case and connect 
it to the calibration equipment. 

CALIBRATING THE INDICATOR. -The 
equipment needed to calibrate steam flow indi- 
cators is shown in figures 15-21 and 15-22. 
This equipment includes: 

L A 4-inch pipe manifold with connections 
for an air inlet, pressure gages, and two air 
outlets. 

2. One U-tube manometer. 

3. One pressure regulator with a range of 
0 to 100 psig. 

4. Two pressure regulators with ranges of 
0 to 50 inches of water. 

5. One gage to indicate air inlet pressure. 

6. One or two gages to indicate manifold 
pressure. 

7. Tubing, fittings, and flexible hoses to 
connect the manifold outlet pressure regulators 
to the manometer and to the indicator being cal- 
ibrated. 

Before installation, the manifold should be 
hydrostatic ally tested at 1-1/2 times the working 
pressure of the ship's service compressed air 
system. After the manifold has been tested, 
mount it against the bulkhead and install the ac - 
cessories. Connect ship's service air to theOto 
100 psig pressure regulator and then to the mani- 
fold inlet. Mount the two pressure regulators 
controlling the outlet pressure from the mani- 
fold as shown in figure 15-21, with a T -fitting at 
the outlet side of each regulator. Lead tubing 
from one side of each T to a leg of the manom- 
eter; connect the tubing from the other side of 
the T to a flexible hose adaptedtofit the indica- 
tor being calibrated. Fill the U-tube of the man- 
ometer with distilled water until each leg is at 
the zero mark. 

To calibrate the indicator, proceed as fol- 
lows: 

1. Adjust the 0 to 100 psig regulator to 
maintain approximately 20 psig air pressure in 
the manifold. 
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Figure 15- 19. -Cross section of Yarway indicating unit (plan view). 



2. To establish a static pressure differ- 
ential across the indicator, adjust the 0 to 50 
inches of water regulator that connects with the 
LOW PRESSURE side of the indicator until the 
authorized reading is shown on the manometer 
scale. The authorized reading (which repre- 
sents the head of water that provides a static 
pressure differential across the indicator) var- 
ies for different classes of ships; in any partic- 
ular case, get the authorized reading from chapter 
9510 (51) of the Naval Ships Technical Manual or 
from the manufacturer's technical manual. 

3. Leaving the authorized reading in one leg 
of the manometer, adjust the other 0 to 50 inches 
of water regulator to bring the manometer read- 
ing back to zero. The indicator pointer should 
now be at the zero mark on the indicator scale. 
If the indicator is properly calibrated, further 
adjustment of the second 0 to 50 inches of water 
regulator should cause the indicator pointer to 
match the reading on the manometer scale. If the 



indicator is not properly calibrated, the two in- 
ternal adjusting screws in the indicator body 
should be turned to correct the pointer positional 
adjustment and the range adjustment. If the indi- 
cator pointer does not read zero when zero inches 
of water registers on the manometer, open the 
side coverplate on the indicator case and remove 
the sealing plug on the side of the front housing of 
the indicator body. With a small screwdriver, 
turn the exposed adjusting screw clockwise to 
increase the range-that is, to decrease the 
pointer travel per inch of water. Turn the screw 
counterclockwise to decrease the range and in- 
crease the pointer travel per inch of water. One 
turn of the adjusting screw causes a change of 
approximately 1/8 inch of water per unit of 
pointer movement. 

When you have finished calibrating the unit, 
reassemble it. The steam flow indicator is now 
ready to be reinstalled on the boiler, primed, and 
put into service again. 
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Figure 15-20,-Equipment for testing 
superheater steam flow indicator. 

JERGUSON SUPERHEATER 
STEAM FLOW INDICATOR 

The Jerguson superheater steam flow indi- 
cator, shown schematically infigure 15-23, con- 
sists of three main parts: (1) a datum chamber 
assembly, (2) a valve manifold, and (3) an indi- 
cating unit. 

The Jerguson indicator is essentially a 
mercury -filled manometer with a stainless steel 
float in one leg. As the pressure differential be- 
tween the superheater inlet and the superheater 
outlet varies, the mercury level in the instru- 
ment changes and thereby actuates the indicating 
pointer. 

The indicator is calibrated at the factory so 
that the pointer position may be read directly in 
inches of water. When putting the instrument 
into service, or when replacing mercury after 
repairs have been made to the unit, pour 5 pounds 
of mercury into the indicator through the filling 
connections. This amount of mercury is some- 
what in excess of that actually required for the 
operation of the indicator, but the excess mer- 



cury is required for accurate calibration of the 
instrument. The excess (approximately 1/4 
pound) is drawn off through the bleeder valve as 
the indicator is being adjusted. When there is no 
pressure on the instrument, the amount of mer- 
cury should be adjusted until the pointer comes 
to the top line on the scale (the 8-inch mark). 
The mercury that is drawn off through the 
bleeder valve should be recovered and saved for 
future use. 

After the proper amount of mercury has 
been added (as indicated by the position of the 
pointer on the top line of the scale) add clear 
tap water to both connections until the indicator 
unit is full. Then install the valve manifold over 
the indicator unit. Install 3/8-inch piping from 
the valve manifold blowdown outlets, making 
sure that the pipes terminate in suitable loca- 
tions. Install l/2-inch OD tubing between the 
valve manifold and the datum chamber. The 
datum chamber should be mounted vertically at 
some convenient location above the superheater 
connections, and the inlet and outlet connections 
should be made as shown in figure 15-23. 

REMOTE WATER LEVEL INDICATORS 

Remote water level indicators are used on 
most ships to provide a means whereby the 
boiler water level may be observed from the 
lower level of the fireroom. The two types of 
remote water level indicators (Yarway and Jer- 
guson) that are described here are in common 
use on combatant ships. A third type (Reliance) 
is used on some cargo ships and converted types. 
A fourth type (Bailey) is usually used where 
Bailey combustion and feed water controls are 
installed. 

YARWAY REMOTE WATER 
LEVEL INDICATOR 

The general arrangement of the Yarway 
remote water level indicator is shown in figure 
15-24. The main parts of the unit are (1) the 
constant-head chamber, which is mounted on the 
end of the steam drum, as close as possible to 
the vertical centerline; (2) a graduated indicator, 
which is usually mounted on an instrument panel; 
and (3) two reference legs, marked A and B in 
figure 15-24, that connect the constant-head 
chamber to the indicator. 
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(a) u-tube manometer 

(§) 0-30 PSIG PRESSURE GAGE 

© CMS PS.G PRESSURE GAGE wVSSwiCl 

(D) 0-50 INCHES OF WATER PRESSURE REGULATOR COMPRESSED AIR 
^ SYSTEM 

(I) AIR INLET PRESSURE GAGE 

(F) 0-100 PSI PRESSURE REGULATOR 





TO FLOW INDICATOR 



Figure. 15- 21. -Diagram of setup for calibrating superheater steam flow indicators. 



98.94 



A constant water level is maintained in leg 
\, since the water level in the constant -head 
chamber does not vary. The level in leg B is free 
:o fluctuate with changes in steam drum water 
level. The upper hemisphere of the constant-head 
chamber is connected to the steam drum at a 
Doint above the highest water level to be indi- 
cated; because of this connection, boiler pres- 
sure is exerted equally upon the water in the two 
legs. The variable leg Bis connected to the steam 
irum at a point below the lowest water level to 
3e indicated; because of this connection, the 
tfater level in leg B is equalized with the water 
level in the steam drum. 



As you can see in figure 15-24, each leg is 
connected by piping to the indicator. In the indi- 
cator, the two columns of water terminate upon 
opposite sides of a diaphragm. The indicating 
unit is almost identical with the indicating unit 
of the Yarway superheater steam flow indica- 
tor (previously described and illustrated). The 
pointer of the indicator moves over an illum- 
inated scale that shows low, normal, and high 
water levels. The indicating unit of the remote 
water level indicator includes two magnetically 
actuated switches that operate a warning horn 
when the water level in the steam drum is too 
high or too low. 
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Figure 15-22.-Photograph of setup for calibrating superheater steam flow indicators. 
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Figure 15 -23. -Jerguson superheater steam 
flow indicator. 

The manufacturer's instructions should be 
followed in replacing light bulbs, diaphragms, 
deflection plates, or other parts of the indicator. 
The remote water level indicator is not likely to 
require recalibration; if the need should arise, 
however, the indicator may be recalibrated by the 
procedures previously described fortheYarway 
superheater steam flow indicator. 

The remote water level indicator requires 
blow down occasionally. When blowing down the 
indicator, be very careful to see that the hot 
boiler water does not reach the indicator. The 
appearance of vapor in the blowdown discharge 
should serve as a warning to close the drain 
valves instantly. 

JERGUSON REMOTE WATER 
LEVEL INDICATOR 

The general arrangement of the Jerguson 
remote water level indicator is shown in figure 



HIGH W.L. 



LOW W L 
VENT VALVES 




EQUALIZING VALVE - 
INDICATOR CUTOUT VALVES ' 



DRAIN VALVES 



98.97 

Figure 15-24.-General arrangement of Yarway 
remote water level indicator. 

15-25. As may be seen, the operating principles 
of this device are very similar to the operating 
principles of the Jerguson superheater steam 
flow indicator (previously described and illus- 
trated). 

Before being put into operation, the indica- 
tor must be filled with mercury and calibrated. 
After adding 5 pounds of mercury to the gage, add 
clear tap water until the gage is full. Close the 
shutoff valves and the blowdown valves at the 
valve manifold. Open the valves between the 
datum column andthe boiler. Then open the blow- 
down valves and flush the lines thoroughly with 
steam to remove all air and foreign matter. Al- 
low the datum column andthe lines to fill up with 
condensate. When the lines (up to about 3 feet 
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Figure 15-25.-Jerguson remote water level indicator. 



from the datum column) have cooled down to 
room temperature, you can assume that they have 
filled with condensate. 

With the equalizing valve closed, open the 
gage shutoff valves. With the boiler water at 
normal level, the gage will read BELOW M N* on 
the scale because of the excess mercury in the 
gage. Drain mercury through the mercury 
bleeder valve until the pointer is at M N* on the 
scale. 



Raise or lower the water level in the boiler 
to obtain a departure of at least 6 inches from 
normal, as indicated by the water gage glass. 
Loosen the calibration slide lock screw, and ad- 
just the calibration slide so that the pointer 
reading corresponds to the water gage glass 
reading. After making the calibration slide ad- 
justment, back out the pointer arm locking screw 
and adjust the pointer length to clear both the 
scale and the window. The gage should now indi- 
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sate the correct water level throughout its entire 
range. 

When the boiler is secured, be sure to close 
the valves between the datum column and the 
ooiler. This precaution is necessary to prevent 
the carryover of excessive amounts of boiler 
compound or other foreign matter into the datum 
column. 

DESUPERHEATERS 

In a single -furnace boiler, all steam goes 
through the superheater. The steam to be used 
[or the operation of many auxiliaries must then 
be desuperheated-that is, returned to approxi- 
mately saturation temperature— before going to 
the auxiliary steam line. 

Leakage of boiler water into the desuper- 
heater is a common—but usually unsuspected- 
cause of boiler operating difficulties. The opera- 
tional difficulties arising from leakage into the 
desuperheater are discussed in Boilerman 3 & 2, 
NavPers 10535-E. 

If you have any reason to suspect that boiler 
water is leaking into the desuperheater, check the 
desuperheater as soon as possible. When the 
ooiler is not in service, the desuperheater can be 
liven a hydrostatic test to see whether or not it 
is leaking. It is also possible to test for leakage 
while the boiler is in operation. If two or more 
boilers are on the line, you can find out which one 
(if any) has a leaky desuperheater by the following 
method. Take a steam sample from the desuper- 
heater drain connection or gage connection of 
each boiler. Pass the steam through a clean cop- 
per coil immersed in a bucket of water and allow 
the steam to condense. Thenanalyze the resulting 
condensate for alkalinity or phosphate. If the 
sample indicates contamination by boiler water, 
there is a leak into the desuperheater and some 
type of repairs are required. 



Leakage into the desuperheater may be 
caused either by external corrosion that pene- 
trates the desuperheater tube walls or by defects 
of the flanged joints. 

Corrosion of the desuperheater may occur 
as the result of improper boiler water treatment, 
inadequate blowdown, or improper performance 
of the deaerating feed tank. When corrosion has 
proceeded to such a point that the desuperheater 
is leaking, the desuperheater probably requires 
replacement or at least renewal of tubes. 

Defects of the flanged joints include bad gas- 
kets, poor seating surfaces, and improper tighten- 
ing. It is important to make up the flanged joints 
just as carefully as you would make up steam line 
joints. The seating surfaces must be trued up, the 
correct gasket must be installed, and the joint 
must be pulled up uniformly. 

The desuperheater is generally installed in 
the steam drum. As a rule, the desuperheater 
must be removed to allow access to the tubes for 
mechanical cleaning of watersides. Whenever the 
boiler steam drum is opened for cleaning or 
inspection, check the desuperheater tubes, 
nozzles, and joints for signs of corrosion or 
wear. 

On some newer ships, the desuperheater 
is installed in the water drum. If it is neces- 
sary to remove or install a desuperheater of 
this type, follow the manufacturer's instructions 
carefully. 

De super heaters must be given a hydrostatic 
test after installation or after being reinstalled 
following repairs. Since the pressure difference 
between the drum and the desuperheater is rela- 
tively small, the hydrostatic test pressure is 
relatively low— between 150 psi and 300 psi for 
most desuperheaters. Consult the manufacturer s 
technical manual for the correct hydrostatic test 
pressure for each desuperheater. Be sure that 
you do not exceed the specified test pressure. 
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BOILER TESTS AND INSPECTIONS 



The performance and evaluation of boiler 
tests and inspections require a very high degree 
of technical skill and a very high level of re- 
sponsibility. Properly performed tests and in- 
spections provide valuable information on the 
state of the boilers. Carelessly performed tests 
and inspections give no information of value and 
may even lead to disaster by giving a false sense 
of security about conditions that are actually 
dangerous. 

You will need to acquire a technical skill in 
performing and evaluating boiler tests and in- 
spections, but it should be NOTED that a study 
of this chapter will NOT give you any actual 
skill in performing and evaluating boiler tests 
and inspections. However, a knowledge of the 
information presented here should be helpful 
when you are acquiring the skill necessary to 
perform your duties. 

GENERAL INSPECTION REQUIREMENTS 

Whenever a boiler is openedfor cleaning and 
overhauling, all parts of the boiler must be care- 
fully inspected. The cycle and minimum require- 
ments for boiler tests and inspection are con- 
tained on the maintenance index pages of the 
Planned Maintenance System as shown in figure 
16-1. These maintenance index pages are tai- 
lored to a particular piece of equipment of a 
specific ship. The results of the inspections 
must be entered in the boiler water treatment 
log and in the engineering log. Any unusual 
cases of damage or deterioration must be re- 
ported to the type commander; such reports 
must contain a detailed description of the dam- 
age, a description of the remedies that have 
been applied, and a statement of the causes or 
cause of the damage, insofar as can be deter- 
mined. 



If the damage is severe, or if the technical as- 
sistance of the Naval Ship Systems Command is 
required, a copy of the report should be sent to 
NavShips. 

INSPECTION OF FIRESIDES 

Boiler firesides should be inspected for 
signs of damage to the refractory lining, to the 
tubes, protection plates, baffles, seal plates, 
support plates, and other metal parts. This 
type of inspection is usually conducted when 
the boiler is secured for fireside cleaning, but 
should be conducted each time the boiler is se- 
cured. 

REFRACTORY INSPECTION 

Frequent inspection of refractories, to- 
gether with early repair of any weak or dam- 
aged places, can do a lot to prevent refractory 
failure and to postpone the need for complete 
renewal. It is good engineering practice to in- 
spect the refractories every time the boiler is 
opened up. Such inspections should be very de- 
tailed if you have reason to think the boiler has 
been operated under severe service conditions- 
steaming at high rates, burning low grade or 
contaminated fuel, or undergoing rapid fluctua- 
tions of temperature. Severe conditions cause 
rapid deterioration of refractories and there- 
fore increase the need for frequent inspections. 

To make a proper inspection of boiler 
refractories, you should have considerable 
knowledge of the causes of refractory deteri- 
oration. Also, you should know how to tell the 
difference between serious damage, which may 
require a complete renewal of brickwork, and 
less serious damage, which may be dealt with 
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System, Subsystem, or Component 
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Figure 16-1. -Maintenance Index Page. 
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Slagging and spalling are two of the main 
causes of refractory deterioration. Slag is 
formed when ash and other unburnable mate- 
rials react with the brickwork. Although the ash 
content of fuel oil is low, there is always enough 
present to damage the refractories. The most 
damaging slag-forming materials are vanadium 
salts and sodium chloride (the major salt is 
sea water). 

If the slag that forms on the brickwork 
would remain in place, it would not cause any 
particular trouble. Actually, however, the slag 
does not remain in place. Instead, it peels off 
or melts and runs off, taking some refractory 
with it and exposing a fresh layer of refractory 
to further slag attack. When deterioration of the 
brickwork has progressed until only a 3 -inch 
thickness of firebrick remains, the wall should 
be replaced. When sufficient slag has accumu- 
lated on the deck to cause striking with result- 
ant deposits of carbon, the slag should be 
removed. If less than 1-1/2 inches of firebrick 
remain after the slag is removed, the entire 
deck must be replaced. 

Another type of slag that results from using 
fuel oil that is contaminated with sea water is 
usually more damaging than peeling slag. This 
type of slag is very glassy in appearance and 
when this slag melts it usually covers the en- 
tire wall or deck. 

Firebrick shrinkage is another cause of 
furnace deterioration. True shrinkage (perma- 
nent shrinkage) is quite rare in firebrick ap- 
proved for naval use. However, this defect can 
occur even in approved firebrick. In any case, 
it is important to recognize the appearance of 
true firebrick shrinkage because of the ex- 
tremely dangerous condition it could create if 
it should occur. When the firebrick shrinks, the 
hot-face dimensions of each brick become meas- 
urably smaller than the cold-face dimensions. 
This condition leaves an open space around each 
brick and the entire wall or floor becomes 
loose. A wall or floor having this appearance is 
DANGEROUS and should be completely renewed 
as soon as possible. 

Also, during your inspection look for signs 
of unequal stresses that are caused by rapid 
raising of the furnace temperature while raising 
steam too rapidly. Emergencies may arise which 
require the rapid raising or lowering of furnace 
temperatures; but it is important to remember 



that the refractories cannot stand this treatment 
too often. As a rule, you will find that raising 
the furnace temperature too rapidly will cause 
the firebrick to break at the anchor bolts and 
lowering the temperature too rapidly will cause 
deep fractures in the firebrick. 

Also, look for signs of mechanical strain 
caused by poor operation of the boiler. Con- 
tinued panting or vibration of the boiler will 
cause a weakened section of the wall to be dis- 
located so that the bricks fall out onto the fur- 
nace floor. Improper oil-air ratio is the most 
common cause of boiler panting and vibration. 
Proper operation of the boiler, with particular 
attention to the correct use of the burners and 
forced draft blowers, will generally prevent 
panting and vibration of the boiler. 

Inspection should also be made of the lower 
side of the floor pan. Any overheating will in- 
dicate a loss of insulation and excessive heat 
penetration. Under normal conditions, the brick- 
work in a boiler should last for a number of 
years without complete renewal. 

Expansion joints should be inspected often 
for signs of incomplete closure. It is important 
to keep the joints free of grog, mortar, refrac- 
tory particles, and so forth so that the joints can 
close properly when the boiler is fired. You can 
tell whether or not an expansion joint is closing 
completely when it is heated by inspecting it 
when it is cold. If the inside of the expansion 
joint is light in color when the furnace is cold, 
the expansion joint is closing properly. If an 
expansion joint does not close properly when 
heated, the inside is dark and discolored. 

The same method can be used to tell whether 
cracks in refractory materials are closing prop- 
erly when the furnace is fired. If the cracks are 
dark, showing that they do not close, they should 
be repaired. 

Since the first firing of aplastic or castable 
burner front does more damage than any other 
single firing, the first inspection after installa- 
tion is a very important one. The unfired burner 
front may appear to be in perfect condition while 
actually containing defects of material or work- 
manship that will show up immediately in the 
first firing. 

After several hours of steaming, slabs of 
plastic about 1/2- to 1-inch thick may separate 
from the burner front surface and fall off. This 
is caused by the fact that the surface layer is 
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more densely rammed during installation than 
the remainder of the material. 

Radial cracks in the burner fronts may be 
found on the first inspection. These cracks are 
not harmful. They are caused by stresses re- 
sulting from the normal expansion and contrac- 
tion of the refractory as it is heated and cooled. 
After the radial cracks occur, the stresses are 
relieved and there should be no further cracking 
of this type. 

The cracks that eventually result in exten- 
sive damage run approximately parallel to the 
surface of the burner front, and are called 
"parallel cracks." Parallel cracks usually ap- 
pear at or slightly behind the leading edge of the 
bladed cone. They are not dangerous until they 
actually loosen pieces of the burner front. Im- 
proper installation and boiler operation is 
usually the cause of parallel cracking. 

A slanting crack in the narrow section be- 
tween the burners sometimes joins a radial 
crack. When this occurs, pieces of plastic tend 
to break off. This type of damage can usually be 
repaired by a plastic patch. 

If during your inspection you find that a 
castable burner front is breaking up after very 
little service, it is likely that too much water was 
used in mixing the material during installation. 
Sometimes the material is already partially set 
before installation; a common cause of this 
trouble is that the castable material, while in 
storage, reacted with moisture in the air and 
started to set. When castable material sets be- 
fore it is used, it can never reach full strength. 

Castable is also subject to spalling after 
several hours of service. The peeling material, 
usually in 1/8-inch strips should not be removed 
unless it is in the burner cone and is interfering 
with combustion. 

If a castable front is chalky or crumbly, 
find out how deep the condition goes. If no more 
than the surface can be rubbed off, the burner 
front is not seriously damaged. Do not remove 
the crumbly material. The condition is serious 
only if the burner cone is affected or if the cas- 
ing shows signs of overheating. 

Burner tile should be inspected for loose 
segments and broken pieces which might cause 
improper cone angles. The broken or damaged 
segments can be repaired by patching with plas- 
tic fireclay refractory. In some cases a new seg- 
ment of tile can be installed. 



When inspecting boiler refractories, it is a 
good idea to keep in mind the possibility that 
damage may occur because of operational prob- 
lems. Although boilers must occasionally be op- 
erated under very severe and damaging condi- 
tions, a lot of damage to refractories (and, in 
fact, to other boiler parts as well) is caused by 
poor operating procedures that are really not 
necessary under the circumstances. It may be 
helpful to show operating personnel any refrac- 
tory damage that appears to be directly related 
to poor operation of the boiler. 

For a more detailed description of refrac- 
tory failures and how they are repaired and 
maintained consult chapter 5 of this training 
manual. 

TUBE INSPECTION 

When inspecting the exterior of boiler tubes, 
look for signs of warping, bulging, sagging, 
cracking, pitting, scaling, acid corrosion, and 
other damage. All tube sheets should be in- 
spected for signs of leakage, especially the 
superheater tube sheet. 

Inspection of boilers sometimes shows an 
unexpected condition in which adjacent boiler 
tubes are warped in such a way that they touch 
each other. When this condition exists, the tubes 
are said to be married. Tube marriages may re- 
sult either from overheating of the tubes or from 
stresses developed in the tubes during installa- 
tion. For this latter reason, newly erected 
boilers and boilers that have been retubed should 
always be inspected for tube alignment after the 
initial period of steaming. 

When inspection reveals one or more tube 
marriages, the decision as to whether or not the 
married tubes shouldbe renewed should be based 
on the following considerations: 

1. If the tube marriage occurs in screen 
tubes 1-1/2 inches or larger, or if the furnace 
side wall or rear wall tubes are bowed, tube re- 
placement is usually required. 

2. If 1-inch or 1-1/4 -inch tubes in the main 
bank of generating tubes are married, replace- 
ment is usually not required if the tube joints are 
tight under hydrostatic test. 

3. Inspect the external surfaces of the 
tubes. If they show blistering or other signs of 
overheating, the tubes should be renewed. 
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4. Inspect the watersides. Where tube 
marriages exist, a poor watersides condition 
may indicate hard scale or oil within the affec- 
ted tubes. If hard scale or oil does exist, the 
married tubes should be replaced and all appro- 
priate steps should be taken to remove the scale 
or oil from the rest of the boiler. If the condition 
of the tubes is uncertain, or if a large number of 
tube marriages have occurred, remove one or 
more sample tubes, split them, and examine them 
carefully. 

5. Tube marriages may cause gas laning, 
and gas laning in turn may cause local overheat- 
ing of the inner casing, the bottom part of the 
economizer, and other parts. Inspect the boiler 
carefully for signs of local overheating that 
might have been caused by gas laning resulting 
from the tube marriages. If the local overheat- 
ing from this cause is found, renew the married 
tubes. 

6. On single-furnace boilers, a lane more 
than 1-1/2 inches wide may allow overheating of 
the superheater and of the superheater supports. 
If a large lane (1-1/2 tubes wide or wider) 
exists near the superheater outlet header end of 
the boiler, the married tubes that cause such a 
large lane should be renewed. 

Another thing to check when you are in- 
specting tubes is the firesides condition of the 
finned tubes (if installed). Finned tubes are in- 
stalled in the LC row instead of studded and 
packed tubes on some double -furnace boilers. 
A few cases of warping and cracking of the fin- 
ned tubes have been reported. Check the tubes, 
the fins, and the welds which join the fins to the 
tubes. Report any warping, cracking, or other 
damage that you find. 

In order to identify the cause of tube failure 
by visual inspection, you will need to know some- 
thing about the various ways in which tubes rup- 
ture, warp, blister, and otherwise show damage. 
Tube failures must be reported on a standard 
form (discussed in chapter 19 of this training 
manual) and they must be reported in standard 
terminology. The following sections of this 
chapter deal with the inspection techniques re- 
quired for determining the causes of tube failure 
and with the various ways in which boiler tube 
damage is classified and identified. 

The inspection techniques required for de- 
termining the cause of tube failure must naturally 
vary according to the nature of the problem. For 



example, a rupture in afire row tube can usually 
be described adequately on the basis of simple 
visual observation; but the cause of damage to a 
tube that is deep in the tube bank cannot usually 
be determined without removing the intervening 
tubes. When a blistered tube suggests a water- 
side deposit, the nature and extent of the deposit 
can be determined only be removing and splitting 
the tube so that the waterside may be examined. 

Relatively simple equipment is required for 
the field inspection of damaged or fouled pres- 
sure parts. Equipment for this purpose should 
include (1) devices for measuring tube diam- 
eters, depth of pits, and thickness of deposits; 
(2) instruments for separating deposits and 
corrosion products— a sharp knife, a chisel, a 
steel scribe, or a vise to crack deposits loose 
from the tube samples; (3) an approved type of 
portable light; (4) a supply of clean bottles for 
collecting samples of deposits; and (5) a mirror 
for viewing relatively inaccessible places. 

Many of these items of equipment can be 
improvised if necessary. For example, a simple 
gage for measuring the depth of waterside pits 
may be made by pushing a straight pin or a 
paper clip through a 3 x 5 inch card so that the 
point of the pin or clip projects beyond the card, 
at right angles to the card. Such an improvised 
depth gage is shown in figure 16-2. A section of 
string can be wrapped around a deformed tube 
and then laid along a ruler to obtain a measure 
of tube enlargement or tube thinning. Of course, 
special tools such as calipers, depth gages, and 
scale thickness indicators give more accurate 
results and should be used if they are available; 
but the improvised tools, if used with care, can 
also give good results. 

The classification of boiler tube damage is 
considered here under four major classifica- 
tions: (1) fireside cavities and scars, (2) water- 
side cavities and scars, (3) tube deformities and 
fractures, and (4) tube deposits. Waterside cavi- 
ties and scars, and waterside tube deposits will 
be discussed later in this chapter under inspec- 
tion of watersides. 

FIRESIDE CAVITIES AND SCARS on the 
tube firesides often indicate the reasons for 
tube failure. The term CIRCUMFERENTIAL 
GROOVE is used to describe the metal loss that 
occurs in bands or stripes around the circum- 
ference of a tube. Fireside grooving of this type 
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Figure 16-2.— Improvised depth gage. 

often occurs at the header ends of horizontal 
tubes such as superheater tubes. The most 
common cause of this damage is leakage from 
tube seats higher up in the tube bank. The 
grooving occurs as the water runs down the 
header and onto the tube ends, or as it drips di- 
rectly onto the tubes. This kind of damage is 
greater on the top of the tube than on the under- 
side, but the groove may extend around the en- 
tire circumference. 

Fireside circumferential grooving may also 
occur on vertical generating tubes as a result 
of thin, damp deposits of soot on horizontal 
drums or headers. In fact, this kind of grooving 
can occur in any part of the boiler where leakage 
provides a sufficient supply of water. Large 
quantities of water trapped between the water 
drum and the boiler casing-as, for example, 



from a serious economizer leak-can produce 
general fireside grooving around the bottom of 
the rear generating tubes. An example of this 
general fireside grooving is shown in figure 
16-3. 

CRATERS are deep, irregular, straight- 
walled cavities in the tube metal. WATER 
TRACKS are closely related to craters; the 
tracks consist of wandering, straight -walled 
canyon-like cavities in the tube metal. Bothcra- 
tering and water tracking occur almost exclu- 
sively at the header ends of water wall tubes and 
division wall tubes that are surrounded by re- 
fractory; they are caused by water becoming 
trapped between the tube metal and the surround- 
ing refractory. Water washing of boiler fire- 
sides, without proper drying out, is a frequent 
cause of cratering and water tracking; however, 
any leak higher up in the boiler can also cause 
this type of damage. The size of the leak and the 
angle of the tube upon which the water leaks 
determine to a large extend whether the resulting 
damage will be circumferential grooving, cra- 
tering, or water tracking. Both cratering and 
water tracking are shown in figure 16-4. 

GENERAL FIRESIDE THINNING consists 
of a uniform loss of metal over a relatively 
large area on the outside of the tube. Soot cor- 
rosion is by far the most common cause of gen- 
eral fireside thinning. The parts that are par- 
ticularly subject to this kind of damage are 
superheater tube ends between the headers and 
the seal plates; water drum ends of generating 
tubes; and return bends in economizer tubes. 
General fireside thinning of a generating tube 
is shown in figure 16-5. 

A rather unusual type of general fireside 
metal loss sometimes results from the combina- 
tion of extremely high tube temperatures and the 
burning of fuel oil that contains vanadium com- 
pounds. The vanadium compounds carried in the 
flame can cause rapid oxidation of metal at high 
temperatures. This type of damage is unusual 
in water-cooled parts of the boiler, since critical 
temperatures are not usually attained. Figure 
16-6 shows a stainless steel superheater tube 
that has suffered this type of general thinning as 
a result of fuel ash damage. 

FIRESIDE BURNING occurs when the rate 
of heat transfer through the tube wall is so re- 
duced that the metal is overheated. Waterside 
deposits can cause fireside burning, but most 
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Figure 16-3.— General fireside circumferential 
grooving. 
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Figure 16-4.— Fireside cratering and water 
tracking. 



98.139 

Figure 16-5.-General fireside thinning of 
generating tube. 
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Figure 16-6.— General 
fireside thinning of stainless steel 
superheater tube (results of fuel ash damage). 

serious fireside burning occurs when a tube be- 
comes steam bound or dry. Figure 16-7 shows 
the coarse, brittle appearance of tube metal that 
has suffered fireside burning. 

STEAM GOUGING occurs when steam jets 
out of a hole in an adjacent tube. Steam gouging 
can be identified by the extremely smooth surface 
of the cavity, together with the irregular shape 
of the cavity. As may be seen in figure 16-8, a 
steam gouge looks as though the metal had been 
blasted away and the cavity polished. 

TOOL MARKS such as chisel cuts or ham- 
mer scars can usually be identified without too 
much trouble. As shown in figure 16-9, tool 
marks do not resemble corrosion effects in any 
way. 

TUBE DEFORMITIES AND FRACTURES 
is another category of boiler tube damage that 
covers abnormal bends, blisters, bulges, cracks, 
warps, sags, and other breaks or distortions. 
Like the cavities and scars previously discussed, 
tube deformities and fractures are fairly easy to 
distinguish by visual observation. 

The THIN- LIPPED RUPTURE, shown in 
figure 16-10, is a fairly common tube deformity. 
The rupture resembles a burst bubble; the open 
lips are uniformly tapered to sharp knife -like 
edges, with no evidence of cracking or irregular 
tearing of the metal. True thin-lipped ruptures 
occur in economizer tubes, in generating tubes, 
and-to a much lesser extent-in superheater 
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Figure 16-7.— Fireside burning. 
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Figure 16-8.— Fireside steam gouge. 

tubes. Ruptures of this type indicate that the flow 
of steam or water was not adequate to absorb the 
heat to which the tube was exposed; consequently 
the tube metal softened and flowed and then 
burst. Thin-lipped ruptures may be caused by a 
sudden drop in water level or by tube stop- 
page from plugs, tools, etc. that were acci- 
dentally left in the boiler. 

Serious THICK-LIPPED RUPTURES re- 
semble the thin-lipped ruptures except that the 
edges are thick and ragged rather than tapered 
and knife-like. Thick-lipped ruptures that occur 
in mild steel generating tubes indicate milder 
and more prolonged overheat than that which 
leads to thin-lipped ruptures. Abnormal firing 
rates, momentary low water, flame impinge- 
ment, gas laning, and many other causes can 
produce mild but prolonged overheat which can 
eventually lead to thick-lipped ruptures. Atypi- 
cal thick-lipped rupture in a generating tube is 
shown in figure 16-11. 

Thick-lipped ruptures are the most common 
type of rupture in superheater tubes, due to the 
fact that either sudden intense overheat or mild 
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Figure 16-9.— Fireside tool marks. 
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Figure 16-10.-Thin-lipped rupture. 

and prolonged overheat tends to produce this 
type of rupture in alloy steels. The superheater 
tube shown in figure 16-12 literally blew to 
pieces when the thermally stressed metal finally 
yielded under superheater pressure. 

PERFORATION is the term used to describe 
any opening in a tube (other than a crack) that 
is NOT associated with tube enlargement. The 
most common kind of perforation is probably 
the pinhole leak. In many cases, the first evidence 
of tube failure is a pinhole leak. 

THERMAL CRACKS, sometimes called 
CREEP CRACKS, result from prolonged, mild 
overheat or repeated short-time overheat. 
Cracks of this type are found most often in alloy 
superheater tubes, but they can occur in mild 
steel tubes as well. The tube is not usually en- 
larged when a thermal crack exists; the cracked 
wall has normal thickness, and the break has a 
dark crystalline appearance. A typical example 
is shown in figure 16-13. 
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Figure 16-ll.-Thick-lipped rupture in generat- 
ing tube. 
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Figure 16- 12.-Thick- lipped rupture in super- 
heater tube. 

Certain chromium superheater tubes that 
contain molybdenum and titanium sometimes 
develop very long, straight, seamlike longitudi- 
nal cracks as a result of very slight cold working 
or hot working. Such failures can occur in serv- 
ice because of original defects, even though the 
boiler has been operating under normal condi- 
tions and has not been overheated. A crack of 
this type in a chromium superheater tube is 
shown in figure 16-14. 

TUBE ENLARGEMENT of the type shown 
in figure 16-15 is relatively common in super- 
heater tubes but rare in generating tubes. This 
uniform enlargement of a portion of the tube is 
caused by milder overheat than that which pro- 
duces cracks or ruptures. If an enlarged tube is 
continued in service, it will almost certainly 
crack or break eventually. 

HEAT BLISTERS differ from tube enlarge- 
ments in that they affect only one side of the 
tube, usually the side toward the fires. Blisters 
appear as egg-shaped lumps on the fireside. They 
indicate that the tube has been heated to the 
softening point and has blown out under boiler 
pressure. Heat blisters always indicate the 
presence of waterside deposits. If the deposit is 
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Figure 16-13.— Thermal crack (creep crack) in 
superheater tube. 
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Figure 16-14. -Thermal crack in chromium 
superheater tube. 



brittle, as scale or baked sludge, blistering 
breaks the deposit and allows the boiler water 
to quench the hot metal before the tube bursts. 
Heat blisters are most commonly found on the 
fire row generating tubes; they are rarely found 
on superheater tubes or economizer tubes. A 
typical heat blister is shown in figure 16-16. 

SAGGING is the term applied to tubes that 
appear to have dropped downward toward the 
furnace under their own weight. This type of 
deformation results from semiplastic flow of the 
tube metal, caused by extremely mild overheat. 
A momentary condition of low water is probably 
the most common cause of sagging. If the boiler 
has been cooled slowly, and if the distortion is 
not so severe as to interfere with the designed 
flow of combustion gases, saggedtubes may still 
be continued in service. 

WARPING is similar to sagging except that 
the distortion is haphazard rather than in one 
direction. Warping usually occurs as a result of 
sudden cooling of the tubes after they have been 
overheated. Cooling a boiler too rapidly after a 
low water casualty is a typical cause of warped 
tubes. 
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Figure 16- 15. -Enlarged tube. 



MELTING can occur as a result of a serious 
low water casualty. If the tube temperautre be- 
comes high enough, the tube metal actually melts 
and runs down into the furnace. A cluster of fused 
tubes that resulted from melting is shown in fig- 
ure 16-17. Melting of aluminum economizer 
parts can cause tremendous damage to a boiler. 
The molten aluminum from overheated econo- 
mizer parts reacts so violently with the iron 
oxide coating on the steel tubes below that the 
heat of the chemical reaction may melt the steel 
tubes even though the furnace temperautre is not 
high enough to melt them. 

SWAGING is the term applied to the reduc- 
tion of tube diameter by mechanical deforma- 
tion. The effect is a recessed band or circum- 
ferential indentation around all or part of the 
tube circumference. Swaging is most likely to 
occur where a tube passes through a support 
plate or seal plate; thus it is more common in 
superheater tubes than in other kinds of boiler 
tubes. A swaged tube is shown in figure 16-18. 

MECHANICAL FATIGUE CRACKS oc- 
casionally occur in boiler tubes from such purely 
mechanical processes as flexing. Cracks of this 
type can usually be identified by a clean, bright 
break through a major portion of the metal thick- 
ness. These cracks begin on the outside circum- 
ference of the tube. 

TUBE WALL LAMINATION is shown infig- 
ure 16-19. This lamination or layering occurs 
during the fabrication of the tube. It is the most 
common material defect found in boiler tubes. 

FOLDED or UPSET TUBES are also the re- 
sult of defective fabrication. A folded tube is 
shown in figure 16-20. This defect resembles a 
heat blister in appearance, but the folded tube 
shows no wall thinning and has a depression on 
the side of the tube opposite to the bulge. 

STRETCHED or NECKED TUBES are also 
the result of defective fabrication. A stretched 
or necked tube is shown in figure 16-21. 

FIRESIDE TUBE DEPOSITS can produce 
many of the scars and deformities just described. 
Basically, the reason why tube deposits cause 
tube failure is because they lead to localized 
overheating of the tube metal. The accurate 
identification of tube deposits is often a neces- 
sary part of determining the cause of tube failure. 

FIRESIDE TUBE DEPOSITS include soot, 
slag, corrosion products, and high-temperature 
oxide. 
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Figure 16- 16.- Heat blister on fire row tube. 




98.155 

Figure 16- 17. -Melted cluster of tubes. 




98.156 

Figure 16-18.-Swaged superheater tube. 
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SOOT is a broad term used to cover all of 
the ash products (other than slag) that result 
from combustion. These ash products include 
carbon, sand, salts such as sodium sulfate, and 
other materials. Soot deposits are usually 



powdery or ashy on the tube surfaces near the 
top of the boiler, but tend to be packed solid on 
drums, headers, and the lower ends of the tubes. 

SLAG is not a powdery or packed ash like 
soot; rather, it is a salt -like material that is 




Figure 16-19.-Lamination of tube wall (fabrication defect). 
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Figure 16-20.-Tube fold (fabrication defect). 
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Figure 16-21.— Stretched or necked tube (fabrication defect). 



fused to the tube surfaces. Slag is objectionable 
on boiler tubes because it retards the transfer 
of heat to the tube metal and because it may 
cause gas channeling, with consequent local 
overheat of tube metal that is not covered by 
the slag. Most slags on boiler tubes are soluble 
enough so that they can be controlled by periodic 
washing of firesides. The main way to prevent 
slag is to avoid burning fuel oil that is contam- 
inated with sea water. 

CORROSION DEPOSITS seldom form major 
fireside deposits. Occasionally, however, bulky 
deposits of ferrous sulfate may form as the re- 
sult of the combination of soot and large amounts 
of water. These deposits have been known to 
travel away from their original location and ad- 
here to remote rows of generating tubes. The 
deposits can usually be removed by water wash- 
ing and mechanical cleaning. The source of the 
water leakage should be found and corrected. 
Also, the location of the original deposit should 
be found and the area should be carefully in- 
spected for signs of corrosion. 

HIGH -TEMPERATURE OXIDE is the term 
applied to heavy fireside layers of mixed iron 
oxides formed by overheating the tube metal. 
Low water is a frequent cause of high- 
temperature oxide on the tube firesides. The 
high-temperature oxide has a rather layered ap- 
pearance; it resembles corrosion products, and 
is often wrongly called "scale." 



sion under the insulation. Rusty streaks or signs 
of corrosion on or around the edges of the cov- 
ering, the drum pads, or the tubes indicate pos- 
sible corrosion of the drum, and should be 
investigated immediately. If machinery or piping 
is installed over the boiler, water may drip down 
on the boiler and work its way under the insula- 
tion. In such installations, the boiler drum cover- 
ings must be removed and the exteriors of the 
drums must be inspected carefully at intervals 
specified by the Naval Ship Systems Command. 

INSPECTION OF PROTECTION, 
SEAL, AND SUPPORT PLATES 

All corrosion-resisting steel plates suchas 
baffle plates, seal plates, superheater support 
plates, steam drum protection plates, and so 
forth must be carefully inspected whenever fire- 
sides are opened. These steel plates are subject 
to damage from overheating, particularly if 
clogged gas passages interfere with the designed 
flow of combustion gases and allow extremely hot 
gases to flow over the plates. Since failure of 
these parts could have extremely serious conse- 
quences, the plates should be inspected at every 
opportunity and should be renewed when neces- 
sary. 

INSPECTION OF UPTAKES 
AND SMOKEPIPES 



EXTERIOR INSPECTION OF 
DRUMS AND HEADERS 



The exteriors of all boiler drums and 
headers should be inspected for signs of corro- 



The uptakes and smokepipes should be ex- 
amined whenever possible. Check the uptake ex- 
pansion joints to be sure they are not clogged with 
soot. Look for ruptures and for loose reinforcing 
ribs or Z-bar stiffeners. Check the rain gutters 
to see that they are not plugged with soot. Check 
the top of the economizer to see if it is clean. 
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INSPECTION OF WATERSIDES 

Boiler watersides must be inspected before 
and after watersides cleaning and at any other 
time that the engineer officer considers it advis- 
able. If there is any reason to suspect the 
presence of hard scale or serious corrosion, 
some tubes must be removedfor a detailed exam- 
ination. The results of all watersides inspections 
must be entered in detail on the Boiler Water 
Treatment Logs and on the Engineering log. 

When watersides are inspected, at least one 
handhole plate must be opened on each pass of 
the superheater (except at each alternate clean- 
ing period, when the entire superheater must be 
opened up). The drums and headers must be 
opened up completely and the internal fittings 
must be removed. The internal fittings-espe- 
cially the steam separators and plates-must be 
marked to indicate their position In the steam 
drum. If this is not done, it will be extremely 
hard to reinstall the fittings correctly. 

Since a wet boiler usually gives false in- 
dications of its real condition, dry out the 
boiler very thoroughly before you begin a 
watersides inspection. Note and record the gen- 
eral appearance of all visible areas of the 
boiler watersides. In particular, look for ac- 
cumulations of sludge and for indications of 
scale, rust, general corrosion, and oil or grease 
marks. Insofar as possible, determine the ex- 
tent of all defects as well as their nature. 

When oil contamination is suspected, you can 
get a better idea of the extent and nature of the 
contamination by examining the watersides while 
the boiler is still wet. When inspecting for oil, 
take samples of water from the steam drum and 
from the economizer headers before the boiler 
is completely emptied. Analysis of these samples 
should enable you to determine what type of oil 
contamination (lube oil or fuel oil) has occurred. 
If the samples do not show any signs of an oil 
film, it may be that the contaminating oil has not 
yet reached the boiler. On the other hand, it may 
be that the oil contamination has been stopped 
and that all oil has either been deposited or re- 
moved by distillation. 

To prevent oil contamination of a boiler, the 
drain inspection tanks must be inspected at least 
once each hour and more often if there is any 
reason to suspect that oil contamination might 
occur. If an oil film or any cloudiness is ob- 



served in the contents of a drain inspection tank, 
the drains must be shifted to the bilges and a 
search must be started to determine the source 
of the contamination. When oil appears in the 
gage glass of a boiler, a condenser, a de- 
aerating feed tank, or a fresh water drain tank, 
you can be sure the feed system has been con- 
taminated by oil. 

It is important to determine the kind of oil 
(fuel oil or lube oil) that is contaminating the 
system as soon as possible. Action should be 
taken immediately to check the sources of fuel 
oil contamination, including the fuel oil heater 
drains and the heating coil drains. Then all pos- 
sible sources of lube oil contamination should 
be checked, including such things as contam- 
inated open -funnel drains in the engineroom, 
accumulations of oily bilge water leaking di- 
rectly into fresh water drain tanks or into the 
condensate system, ineffective or defective de- 
flector seals on the low pressure turbine, and 
so forth. Samples should be taken from all pos- 
sible sources of fuel oil or lube oil contamina- 
tion, to help pinpoint the location of the trouble. 
Further contamination of the feed system should, 
of course, be stopped as soon as possible. 

Deposits resulting from oil contamination 
may take various forms. They are not always 
easy to identify, since they do not always contain 
free oil-that is, oil in a form that will make an 
oily stain on a surface. The deposits may be wet 
or dry. Dry deposits include sludges, hard coke, 
and scale. Wet deposits may be soapy, tarry, 
tacky, or greasy. Some deposits contain free 
oil, but others do not. 

The following inspection procedures should 
be used for examining a boiler which has been 
contaminated with oil, or one in which oil con- 
tamination is suspected: 

1. Draw swabs through the tube ends of the 
boiler and the economizer to find out whether 
there is any free oil present. 

2. Inspect the tube ends and note the nature 
and thickness of any deposits. 

3. Select various tubes at random and in- 
spect them carefully to determine the nature and 
the thickness of the deposits. 

4. Inspect the drums and headers. Find out 
how thick the deposits are and whether they con- 
tain any free oil. A deposit that contains free oil 
will make an oily, translucent stain on a piece of 
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hard-finished writing paper. If a boiler has been 
contaminated with either lube oil or fuel oil, you 
will probably find a black ring, rather like a 
dirty bathtub ring, at steaming level in the steam 
drum. The ring will be particularly noticeable 
near the ends of the drum. If the contaminant is 
fuel oil, the ring is usually thick and tarry and 
about 3 or 4 inches wide. If the contaminant is 
turbine lubricating oil, the ring is usually not 
more than 1 inch wide; it is thin and loaded with 
fine solids, but it is not tarry. 

The action to be taken in any particular case 
of oil contamination depends chiefly on two 
things: first, the KIND of oil that is found (fuel 
oil or lube oil); and second, the CONDITION in 
which the oil is found. In all cases of oil con- 
tamination, of course, the best thing to do is to 
secure the plant and completely remove all 
traces of oil from the boiler and from the con- 
densate and feed system. The following guide 
lines may be used to interpret the results of the 
inspection and to determine whether or not it is 
possible to steam the affected boiler if the op- 
erating situation so requires. 

1. If free oil resulting from fuel oil con- 
tamination is found in the economizer and/or 
boiler, action must be taken IMMEDIATELY to 
boil out the boiler and to brush out all affected 
parts of the boiler. 

2. If fuel oil contamination is suspected 
because of fuel oil findings in the contaminated 
drain system, but if there is no indication of 
free oil or of deposits containing free oil in the 
boiler, no emergency action is indicated PRO- 
VIDED the inspection of tubes shows the de- 
posits to be very thin, dry, and uniform. 

3. If inspection of the tubes shows that there 
are thick deposits resulting from fuel oil con- 
tamination, boiling out and brushing out are man- 
datory and must be repeated as often as neces- 
sary to remove the deposits. If removal of the 
deposits is particularly difficult, a solvent 
boiling -out solution may be required. 

4. If free oil resulting from turbine lubri- 
cating oil contamination is found in the econom- 
izer and/or boiler, this indication alone does not 
require immediate boiling out. If the lube oil 
contamination has been stopped at its source, 
and if the boiler is free of scale and sludge, the 
thin film of lube oil existing in the boiler and 
economizer after they have been drained will 



probably distill off cleanly when the boiler is 
steamed again. 

5. If no free oil and no deposits containing 
free oil are found in the boiler, but if it is known 
that the feed water has been contaminated by 
turbine lubricating oil, the action required de- 
pends on the thickness of the deposits found in 
the tubes. If the tube deposits are thin, the boiler 
may be closed up and steamed again, after it 
has been washed down or otherwise cleaned as 
well as possible in the time available. If the tube 
deposits are thick, the boiler should be thor- 
oughly cleaned in the normal manner before it is 
steamed. 

6. Although free oil is not usually found in 
the superheater and coked oil is found only if the 
contamination by fuel oil or lube oil has been 
exceptionally heavy over a long period of time, 
the superheater should always be included in the 
inspection for oil contamination. If oil deposits 
are found in the superheater, the superheater 
must be boiled out and brushed out as necessary. 
If only dry deposits (whether carbonaceous or 
not) are found in the superheater, and if the de- 
posits are thin and even, no immediate action is 
required. If thick deposits are found in the super- 
heater, the superheater must be brushed out 
and/or boiled out to obtain clean surfaces. 

WATERSIDE INSPECTION 
OF BOILER TUBES 

Regular and careful waterside inspection of 
boiler tubes provides the information required 
to determine the need for tube renewal, to de- 
termine the effectiveness of boiler water treat- 
ment and other maintenance procedures, to 
diagnose boiler operating troubles, to analyze 
boiler casualties, and in general to give an over- 
all picture of the condition of the ship's boilers. 

At each regular scheduled shipyard over- 
haul, two generating tubes and one superheater 
tube must be removed from each boiler for ex- 
amination. Each tube thus removed must be 
split, permanently identified as to the boiler 
from which it was taken, the tube number, and 
the location of the tube in the boiler. The tubes 
are examined by the activity that removes them 
and are then returned to the ship with a report 
of corrective action recommended, if any. The 
tubes must then be retained aboard ship until 
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they have been examined by a Board of Inspec- 
tion and Survey. The corrective action recom- 
mended by the repairing activity and any cor- 
rective action taken by the ship must be recorded 
so that this information will be available to the 
Board of Inspection and Survey. 

If tubes are removed between overhauls, 
samples of generating tubes and superheater 
tubes may be saved for inspection by the Board 
of Inspection and Survey so that additional tubes 
will not need to be removed at the time of the 
overhaul. Note, however, that tubes which have 
failed in service or which have been damaged 
cannot be used in this way for inspection by the 
Board. 

Superheater tubes removed for inspection 
must be replaced. Generating tubes removed 
for inspection need not be replaced if (1) there 
are not more than 10 tubes plugged as a result 
of inspection requirements, and (2) the tubes 
were removed from the last two rows of the 
tube bank. Tubes removed from furnace walls 
or from fireside rows must be replaced. 

Economizer tubes are not ordinarily re- 
moved for inspection unless there is some 
reason to think that the economizer is not in 
good condition. The requirement that a super- 
heater tube be removed for inspection is waived 
in the case of (1) boilers having the walk-in type 
of superheater, and (2) boilers in which the re- 
moval and replacement of individual superheater 
tubes cannot be accomplished without cutting 
bulkheads. 

Sample tubes removed for inspection should 
be representative of the other tubes in the row 
from which they are cut. For example, a recently 
renewed tube should NOT be selected as a 
sample. In order to obtain proper samples, the 
tubes must be cut out in accordance with the 
procedures prescribed by the Naval Ship Systems 
Command. 

When there is reason to suspect serious or 
widespread tube damage, or when the condition 
of the tubes cannot be clearly determined on the 
basis of a few sample tubes, an "exploring 
block" of tubes should be cut. The exploring block 
should be not more than 10 tubes wide, and it 
must be deep enough to include the tubes in the 
center row of the tube bank. A superheater tube 
and an economizer element must also be re- 
moved for inspection when the exploring block 
is cut. 



The need for cutting an exploring block (to- 
gether with the required superheater tube and 
economizer element) is determined initially by 
the engineer officer. A repair activity reviews 
the facts and makes whatever inspections are 
required as a basis for recommendations to the 
type commander. With the information thus sup- 
plied, the type commander decides upon the ex- 
tent of the repairs desired, taking into account 
the operational commitments of the ship and 
other factors. 

Tube failures in other than the A and B rows 
generally occur in the outer half of the tube nest 
as a result of external corrosion just above the 
water drum. When such failures have occurred, 
either in operation or under hydrostatic test, or 
when the examination of tubes in the exploring 
block shows that the tube thickness is less than 
half the original thickness, complete renewal 
must be made of all tubes from the center row to 
the outer row (inclusive) over a fore-and-aft 
length of the tube bank sufficient to completely 
cover the affected area. This renewal must be 
made regardless of the condition of the tubes that 
were not included in the exploring block. 

The existence of slight, scattered pitting 
does not necessarily require the complete re- 
tubing of the boiler, even if the thickness of the 
tubes at some of the pits is less than 50 percent 
of the original tube thickness. When pitting is ob- 
served, tubes should be split and examined to see 
whether the pitting is (1) moderately heavy, and 
(2) general throughout the boiler. 

Internal pitting resulting from improper 
treatment of boiler water is most likely to occur 
in tubes that receive the most heat (screen 
tubes, fire row tubes, etc.) and in areas which 
are particularly subject to oxygen pitting. In 
general, oxygen pitting tends to occur most 
commonly in downcomers, in superheaters, and 
at the steam drum ends of generating tubes. If 
active oxygen pits (that is, pits which are still 
scabbed over, rather than clean) are found when 
the boiler is inspected, or if oxygen pitting is 
suspected because of the past operating history 
of the boiler, one or two tubes should be re- 
moved from the areas in which oxygen pitting is 
most likely to be found. 

The tubes thus removed should be split and 
examined. If as many as 25 percent of the pits 
are deeper than 50percentof the tube wall thick- 
ness, and if at least a few of the pits are deeper 
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than 65 percent of the tube wall thickness, a 
sample of about 20 tubes from the screen and 
last rows of the generating bank should be cut. 
These tubes should be split and examined and 
their condition should be evaluated on the same 
basis as before. If as many as 25 percent of the 
pits are deeper than 50 percent of the wall 
thickness, and if at least a few are deeper than 
65 percent, the oxygen pitting is considered to be 
general throughout the boiler and moderately 
heavy. With these findings, complete tube re- 
newal should certainly be considered. However, 
it is possible that complete tube renewal may be 
postponed in some cases if (1) the boiler can be 
successfully cleaned by a chemical cleaning, (2) 
the boiler can successfully withstand a 125- 
percent hydrostatic test, and (3) future boiler 
water treatment, use of blow down, and laying -up 
procedures can be expected to be in strict ac- 
cordance with NavShips requirements. 

In order for you to make a detailed water- 
side inspection of boiler tubes you should be 
familiar with some of the WATERSIDE CAVITIES 
and SCARS that may be recognized by visual ex- 
amination. 

LOCALIZED PITTING is the term used to 
describe scattered pits on the watersides. These 
pits are usually- though not always- caused by 
the presence of dissolved oxygen. This type of 
pitting is described and illustrated in Boilerman 
3 & 2, NavPers 10535 -E. 

" WATERSIDE GROOVES are similar to lo- 
calized pits in some ways, but they are longer 
and broader than the pits. Waterside grooves tend 
to occur in the relatively hot bends of the tubes 
near the water drum; they may also occur on the 
external surfaces of desuperheater tubes. Some 
waterside grooves are clean, but most contain 
islands of heavy corrosion scabs. A typical ex- 
ample of waterside grooving is shown in figure 
16-22. 

CORROSION FATIGUE FISSURES are deep- 
walled, canyon-like voids. They have the appear- 
ance of being corroded, rather than fractured, 
and they may be filled with corrosion products. 
These fissures occur in metal that has been 
fatigued by repeated stressing, thus making it 
more subject to corrosion than it would otherwise 
be. 



GENERAL WATERSIDE THINNING can oc- 
cur if the boiler water alkalinity is too low 
over a long period of time, if the boiler water 
alkalinity is too high, or if acid residues are 
not completely removed from a boiler that has 
been chemically cleaned. The greatest loss of 
metal from general waterside thinning tends to 
occur along the side of the tube that is toward 
the flame. The entire length of the tube from 
steam drum to water drum may be affected. 
Figure 16-23 shows general waterside thinning. 




98.144 

Figure 16-22. -Waterside grooving in a gener- 
ating tube. 



WATERSIDE BURNING may occur if the 
temperature exceeds about 750 degrees F, in 
plain carbon steel tubes, or about 1000 degrees 
F, in most alloy superheater tubes. The effect 
of waterside burning is the oxidation of the tube 
metal to a shiny, black, magnetic iron oxide 
known as high temperature oxide. High temper- 
ature oxide on the waterside of a boiler tube is 
illustrated in Boilerman 3 & 2, NavPers 10535- 
E. 

WATERSIDE ABRASION is the term used to 
describe waterside cavities that result from 
purely mechanical causes rather than from cor- 
rosion. For example, tube brushes or cutters 
may cause abrasion spots at sharp bends in 
economizer, supher heater, and generating tubes. 
The surface markings of such abrasions indicate 
clearly that they result from mechanical abra- 
sion rather than from corrosion. 

DIE MARKS appear as remarkably straight 
and uniform longitudinal scratches or folds on 
the watersides of the tube. They are the result 
of faulty fabrication. Die marks, shown in figure 
16-24, may extend for the full length of the tube. 
Localized corrosion occurs quite often along the 
die mark. 
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Figure 16-23.— General waterside thinning. 



TUBE CORRUGATION is a peculiar type of 
heat blistering that occurs when the boiler water 
is contaminated with oil. Corrugation may con- 
sist of closely spaced small-diameter hemi- 
spherical bulges, as though the tube metal had 
been softened and then punched from the inside 
with a blunt instrument. It may also exist as a 
herringbone or chevron pattern on the tube wall 
nearest the flame, as shown in figure 16-25. It 
is not known exactly why oil contamination of the 
boiler water tends to cause this patterned cor- 
rugation. 

WATERSIDE DEPOSITS include scale, 
sludge, corrosion deposits, and high- temperature 
oxide. These deposits are described and illus- 
trated in Boilerman 3 & 2, NavPers 10535-E. 

WATERSIDE INSPECTION 
OF DRUMS AND HEADERS 

Whenever a boiler is opened for cleaning 
and overhaul, the internal surfaces of the drums 
and headers should be carefully inspected for 
evidence of cracking. Particular attention must 
be given to steam drum manhole knuckles, 
knuckles at corners of drum heads, corners of 
cross boxes and headers, superheater header 



vent nozzles and handhole openings. Any defects 
found shall be recorded in the boiler water treat- 
ment log and in the engineering log. These de- 
fects will also be reported to the engineer officer 
so that appropriate repair action can be taken. 

HYDROSTATIC TESTS 

Boilers are tested hydrostatically for sev- 
eral different purposes. It is important to un- 
derstand in each case why a test is being made 
and to use— but NOT to exceed-the test pres- 
sure specified for that particular purpose. In 
general, most hydrostatic tests are made atone 
of three test pressures: boiler design pressure, 
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Figure 16-24. -Die marks on waterside of tube. 
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Figure 16-25. -Tube corrugation resulting from oil on watersides. 



125 percent of design pressure, or 150 percent 
of design pressure. Other test pressures may 
be authorized for certain purposes. For ex- 
ample, a test pressure of 150 psi is required 
for the hydrostatic test given before a boiler 
undergoes chemical cleaning. 

The hydrostatic test at design pressure is 
required upon the completion of each general 
overhaul, cleaning, or repair that affects the 
boiler or its parts, and at any other time when 
it is considered necessary to test the boiler for 
leakage. The purpose of the hydrostatic test at 
design pressure is to prove the tightness of all 
valves, gaskets, flanged joints, rolled joints, 
welded joints, and boiler fittings. 

The test at 125 percent of design pressure 
is required after the renewal of pressure parts, 
after chemical cleaning of the boiler, after minor 
welding repairs to manhole and handhole seats, 
and after repairs to tube sheets such as the 
correction of gouges and out -of- roundness. The 
"renewal of pressure parts" includes all tube 
renewals, rolled or welded, except downcomers 
and superheater support tubes. 

The test at 150 percent of design pressure 
is required after welding repairs to headers 
and drums, including tube sheet cracks and 
nozzle repairs; after drain and vent nipple re- 
pairs; and after renewal or rewelding of super- 
heater support tubes and downcomers. The hy- 
drostatic test at 150 percent of design pressure 
is basically a test for strength. This test may 
be (but is not necessarily) required at the 5- 
year inspection and test for strength. The 5- 
year inspection and test is discussed later in 
this chapter. 

Before making a hydrostatic test, rinse out 
the boiler with fresh water. Using at least 50- 
psi pressure, play the hose onto all surfaces of 
the steam drum, the tubes, the nipples, and the 
headers. Examine the boiler carefully for loose 



scale, dirt, and other deposits. Be SURE that no 
tools or other objects are left in the boiler. 

Remake all joints, being sure that the gas- 
kets and the seating surfaces are clean. Replace 
the handhole and manhole plates and close up the 
boiler. 

Gag all safety valves. Boiler safety valves 
must NEVER, under any circumstances, be lifted 
by hydrostatic pressure. When gagging the safety 
valves, do not set up on the gags too tightly or 
you may bend the valve stems. As a rule, the 
gags should be set up only hand tight. 

Close all connections on the boiler except to 
the air vents, the pressure gages, and the valves 
of the line through which water is to be pumped 
to the boiler. Be sure the steam stop valves are 
completely closed and that there will be no leak- 
age of water through them. 

After all preparations have been made, use 
the emergency feed pump to fill the boiler com- 
pletely. After all air has been expelled from the 
boiler, close the air vents and build up the hy- 
drostatic pressure required for the particular 
test you are making. A hand boiler test pump is 
furnished to many ships for use in building up 
the hydrostatic test pressure. If you do not have 
a hand test pump, build up the required test 
pressure by continuing to run the emergency 
feed pump after the boiler has been filled. In 
any case, be very careful that you do not ex- 
ceed the specified test pressure. After the 
boiler is full, it takes very little additional 
pumping to build up quite a pressure. 

To avoid complications arising from changes 
in pressure caused by changes in temperature, 
the water used should be at approximately the 
same temperature as the boiler and the fire- 
room. In any case, the temperature of the water 
must be at least 70° F. 

While the hydrostatic pressure is being 
built up, the boiler should be very carefully 
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checked for signs of strain or deformation. If 
there is any indication of permanent (or prob- 
ably permanent) deformation, stop the hydro- 
static test and make the necessary repairs. If 
it is not possible to make the repairs right 
away, give a second hydrostatic test, progress- 
ing slowly up to 20 psi less than the pressure 
at which the first test was stopped. If the boiler 
passes this second test successfully, the new 
working pressure of the boiler must be two- 
thirds of the test pressure reached on the sec- 
ond test, and all safety valves must be set ac- 
cordingly. 

Do not make any attempt to set up on leaky 
handhole or manhole plates until the pressure 
has been pumped up to within 50 psi of the test 
pressure. After all manhole and handhole leak- 
age has been remedied, pump the pressure on 
up to test pressure. Check the pressure drop 
over a period of time. If all valves have been 
blanked off, the maximum acceptable pressure 
drop is 1.5 percent of the test pressure over a 
period of 4 hours. If valves have been merely 
closed, instead of blanked off, the maximum 
acceptable pressure drop is 1.5 percent of the 
test pressure over a period of 1 hour. 

A tube seat should not be considered tight 
unless it is bone dry at the test pressure. Any 
tube that cannot be made tight under a hydro- 
static test should be renewed or rerolled. 

If there is an excessive pressure drop 
when there is only a slight leakage at tube 
joints, handholes, and manholes, the loss of 
pressure is almost certainly caused by leakage 
through valves and fittings. Valves and fittings 
should be overhauled and made tight. 

FIVE-YEAR INSPECTION AND TEST 

At 5 -year intervals, each boiler must be 
inspected for integrity of welds and nozzle 
connections. Lagging must be removed from 
drums and headers sufficiently to expose the 
welded joints and the nozzle connections. The 
welds and nozzle connections must be inspected 
visually from both inside and outside. If there 
is any doubt about the welds, they should be in- 
spected by magnetic particle inspection or dye 
penetrant inspection. If either the visual exam- 
ination or the magnetic particle or dye penetrant 
inspection indicates any questionable areas, a 



hydrostatic test for strength at 150 percent of 
boiler design pressure must be applied. 

INSPECTION OF SLIDING FEET 

At each 600-hour fireside cleaning period, 
the boiler saddles (sliding feet) and all other 
parts subject to movement must be inspected 
to see that they are free to move. Insofar as 
practicable, the sliding feet must be cleaned of 
all rust and dirt and must be greased with an 
approved high temperature lubricant (MIL- 
15719A-HTG, Stock No. 9510-257 5358). 

INSPECTION OF DOWNCOMERS 

During shipyard overhauls, downcomers 
must be given a hydrostatic test at design pres- 
sure. After the hydrostatic test, each seal weld 
must be inspected by the magnetic particle meth- 
od or by the dye penetrant method to make sure 
that the seal weld is sound and that no cracks are 
present. These methods of inspection do not 
apply to downcomers that are welded to nozzle 
stubs on headers and drums; however, the hy- 
drostatic test is still required for these down- 
comers. 

Downcomers must be inspected at every 
boiler cleaning and overhaul period and at any 
time that the engineer officer deems it neces- 
sary. During cleaning and overhaul periods, 
downcomers must be given a hydrostatic test 
at boiler design pressure. During this test, an 
inspection must be made for leaks where the 
downcomers enter the drums and headers. The 
welded nozzles must also be inspected for leaks 
in the weld. For detailed information on tests 
and inspection of downcomers, consult chapter 
9510 (51) of Naval Ships Technical Manual. 



TESTS AND INSPECTIONS 
OF BOILER AIR CASINGS 

As often as possible, visible portions of 
the boiler air casings should be inspected for 
open seams, sheared bolts, buckling, sheared 
welds, heat damage, and other signs of damage. 

The inner casing should be examined care- 
fully whenever refractories are removed. Also, 
a detailed inspection of the inner casing should 
be made at every other shipyard overhaul. Any 



337 



BOILERMAKER 1 & C 



signs of burning, warping, or leakage should be 
noted. It is particularly important to inspect 
the inner casing in the areas around the soot 
blowers. Misalignment of a soot blower may 
result in an imperfect seal between the flange 
of the stuffing box and the flange on the inner 
casing. Also, a defective gasket between these 
flanges may allow air leakage. 

The economizer front and rear vestibules 
should also be inspected for soot accumulation 
due to soot seal leaks. Check the 3/8-inch holes 
provided for pressurizing the economizer vesti- 
bules to make sure that they are open. The 
purpose of these holes is to pressurize the vesti- 
bules and thus prevent soot and combustion 
gases from leaking into the vestibules and sub- 
sequently into the fireroom through the drain 
pipe located at the bottom of the rear vestibule 
and casing leaks in the front vestibule. Any de- 
fects in the inner casing (and, of course, any 
misalignment of soot blowers and economizer 
soot leaks) should be remedied as soon as possible. 

The outer casing should be gone over com- 
pletely and tested for tighteness from time to 
time. This should preferably be accomplished 
at every naval shipyard overhaul, and more of- 
ten if conditions seem to indicate the need. You 
can test the outer casing for tighteness by put- 
ting the space between the casings under an air 
pressure, using the forced draft blowers, and 
then spreading soapsuds along all seams,joints, 
access doors, and other openings. Since the 
space between the casings is under pressure, 
any leaky places in the outer casing will be in- 
dicated by soap bubbles. Be sure to mark the 
casing so that you will know exactly where the 
leaks are when you come to repair the casing. 

Air relief valves are installed on some air- 
encased boilers to prevent possible damage to 
the air casings in event that the burners are se- 
cured and the air registers closed without sim- 
ultaneously shutting down the force draft blowers. 
Where such casing relief valves are installed, 
their operation should be checked at each boiler 
cleaning and overhaul period by manually lifting 
the valve disks from their seats to make sure 
that the valves are operating properly. The 
setting can be checked by measuring the pull re- 
quired to lift the valve disk from its seat with a 
spring scale. The load corresponding to the 
proper setting of the valve is given in the manu- 
facturer's valve plan. 



Blower flaps should also be inspected for 
proper operation. Any frozen or broken flaps 
should be repaired or renewed as soon as pos- 
sible. 

INSPECTION OF BOILER EXTERNAL FITTINGS 

During a boiler inspection there are certain 
boiler external fittings that should be inspected 
to make sure they are in good operating condi- 
tion. Poor condition of these boiler external 
fittings may cause serious damage to the boiler 
and in some cases may even cause personnel 
casualties. 

Due to the close relationship between 
boiler inspection, boiler maintenance, and 
boiler repair, this chapter will only cover the 
inspection of those boiler fittings that are not 
covered in other chapters of this training 
manual. The inspection of boiler external fittings 
should be conducted at the required intervals 
specified by the Naval Ship Systems Command. 

INSPECTION OF STEAM LOW FLOW 
AND WATER LEVEL INDICATORS 

Superheater steam low flow and remote 
water level indicators should be properly primed 
and the calibration checked before the units are 
put into service. The magnetic plugs in the 
settling pots should be inspected and cleaned at 
specified intervals or whenever the boiler is 
opened for inspection and cleaning. For in- 
formation on calibration of these units, consult 
chapter 7 of this training manual and the manu- 
facturer's technical manual. 

INSPECTION OF BOILER 
PRESSURE GAGES 

All boiler pressure gages should be in- 
spected and calibrated at least once every 
twelve months unless malfunction causes re- 
pair and/or calibration more frequently. Boiler 
steam drum pressure gages require calibration 
prior to the setting of boiler safety valves. Gage 
line connections should also be checked for 
leaks, as a leaking connection will cause the con- 
densate seal to bleed off, emitting live steam to 
the boiler steam pressure gage. The emittance 
of live steam to the gage will cause the gage to 
malfunction. 
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INSPECTION OF BOILER 
THERMOMETERS 

Distant reading thermometers of the quick- 
reading bare -bulb type (bulb installed at super- 
heater outlet) should be checked at regular in- 
tervals against the glass stem thermometer at 
the superheater outlet to make sure that the dis- 
tant reading thermometer is accurate. The ac- 
curacy should be checked by comparing the 
readings of the two thermometers during steady 
steaming conditions. The distant reading ther- 
mometer should be calibrated and adjusted if 
necessary. Then, the thermal alarm, if in- 
stalled, should be checked by slowly raising 
the superheater temperature until the alarm 
sounds. If the thermal alarm is out of adjust- 
ment it should be corrected as soon as possi- 
ble. The manufacturer's technical manual gives 
the proper settings and the adjustment proce- 
dures for the superheater thermal alarm. 

INSPECTION OF AIR REGISTERS AND 
ATOMIZERS 

Burner impeller plates, air doors, drip 
pans, and the burner cone openings should be 
inspected and cleaned after every steaming 
period at sea or in port. The position of the 
atomizer assembly in relationship to the diffuser 
should be checked and adjusted at specified in- 
tervals. The adjustment is covered in Boiler - 
man 3 & 2^ NavPers 10535-E. 

TESTS AND INSPECTIONS OF BOILER 
VALVES 

For safe and efficient plant operation, it is 
essential that all important valves at or near the 
boiler be inspected frequently and maintained 
in the best possible operating condition. Valves 
of particular importance include the main steam 
stop valve, the auxiliary steam stop valve, the 
turbogenerator steam stop valve, the feed stop 
and check valve (and other feed system valves), 
surface and bottom blow valves, fuel oil valves, 
high pressure drain valves, and all guarding 
valves and root valves. 

At least once a year, each piping system 
should be pressurized, one section at a time, so 
that leaking or malfunctioning valves can be de- 
tected. Between such tests, valves should be in- 
spected frequently for signs of leakage. Leakage 



may occur through stuffing boxes and through 
threaded or flanged joints. Some of the signs 
that indicate excessive leakage through a stuff- 
ing box are a build-up of corrosion products 
around the stuffing box and scoring or discolor- 
ation of the valve stem at the point where it en- 
ters the stuffing box. Leakage may be caused by 
various defects, including worn packing in the 
stuffing box, improperly made up joints, and a 
bent or scored valve stem. 

Valves should also be inspected frequently 
to see that they open and close freely, without 
binding or sticking. They should be moved often 
enough to keep them from becoming frozen or 
otherwise inoperable. Sticking, binding, and 
other symptoms of malfunctioning may be 
caused by a bent valve stem, burred threads on 
the stem or on the yoke, paint or rust on the 
threads, scale or dirt on the seating surfaces, a 
detached disk, cuts on the seating surfaces, or 
other defects. Troubles of this sort can only be 
checked by isolating the valve so that it can be 
partially or completely dismantled. 

TESTS AND INSPECTIONS OF PIPING 

All piping that is in any way connected 
with boiler operation must be maintained in a 
condition of complete reliability. The early de- 
tection and correction of leakage or other de- 
fects is of vital importance. Any sign of an un- 
sound condition of piping should be investigated 
and remedied without delay. 

The nature and the frequency of piping sys- 
tem tests and inspections varies, depending 
upon the particular system involved, the condi- 
tion of the piping, and other factors. Hammer 
tests, visual inspections, tests to determine 
wall thickness, hydrostatic tests, and other 
tests or inspections may be required. In the 
absence of specific instructions, all shipboard 
piping in operating status should be tested quar- 
terly under full working pressure. In addition, a 
periodic hydrostatic test at 135 percent of maxi- 
mum system pressure is required at intervals not 
to exceed 5 years; this hydrostatic test is nor- 
mally performed before (or during the early 
stages of) a regularly scheduled major overhaul. 

Special tests and inspections may be re- 
quired for repaired piping and for newly fabri- 
cated piping sections. Specific requirements for 
tests and inspections may be given with the in- 
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structions for the repair job or they may be 
indicated on the piping plans. Most repaired or 
newly fabricated shipboard piping must be 
hydrostatically tested at 135 percent of the 
maximum allowable working pressure of the 
system, except that the test pressure must 
not be less than 50 psig. If the piping system 
repair has involved welding, all required tests 



and inspections must be made of the weld. The 
Naval Ships Technical Manual and the manu- 
facturers' technical manuals for the system 
and/or for the components should be con- 
sulted for specific information on the tests and 
inspections required after piping has been re- 
paired or new sections have been fabri- 
cated. 
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FIREROOM OPERATION AND EFFICIENCY 



This chapter deals only with certain aspects 
of fireroom operation and efficiency that may be 
of particular importance to you as a Boiler- 
maker. You will be required to know the factors 
governing boiler efficiency, the causes for poor 
performance and recommend corrective boiler 
operating procedures. 

The largest single factor in the efficiency 
of the engineering plant is the efficiency with 
which the boilers are operated. Basic informa- 
tion on lighting off, operating, and securing 
boilers is given in Boilerman 3 & Z, NavPers 
10535-E. The Naval Ships Technical Manual and 
the manufacturer's technical manual should be 
consulted for detailed, specific information on 
the operation and efficiency for each particular 
installation. 

BOILER OPERATING CHARACTERISTICS 

Most combatant ships have either single- 
furnace boilers or double -furnace boilers. A 
number of older ships (chiefly auxiliaries) have 
header-type boilers. A few ships of recent de- 
sign are equipped with a new type of boiler called 
a pressurized-furnace or supercharged boiler. 
The construction of these various types of 
boilers is discussed in Boilerman 3 & 2, Nav- 
Pers 10535-E. The present discussion is lim- 
ited to pointing out certain operational differ- 
ences between double -furnace boilers and single- 
furnace boilers, since these are the two most 
commonly used types at the present time. 

Double furnace boilers are installed on 
most of the older destroyers and on some larger 
combatant ships. These boilers are designed to 
carry a steam drum pressure of approxi- 
mately 615 psig and to generate saturated 
steam at approximately 490° F. The saturated 



steam for auxiliaries goes directly from the 
steam drum to the auxiliary steam line. All 
other steam goes through the superheater. 
Double -furnace boilers are designed in various 
sizes and capacities to suit different installa- 
tions. They range in capacity from about 100,000 
to 250,000 pounds of steam per hour at full 
power. 

Because each of the two furnaces can be 
fired separately, thus allowing control of super- 
heated steam temperature over a wide range of 
operating conditions, the double -furnace boiler 
has long been called a "superheat control 
boiler." In present boiler design, however, the 
control of superheat is not necessarily related 
to the number of furnaces in a boiler. There- 
fore, the term "superheat control boiler" is no 
longer appropriate for this boiler. 

In a double-furnace boiler, the control of 
superheat is achieved by proportioning the 
amount of oil burned in the superheater-side 
furnace to the amount of oil burned in the 
saturated-side furnace. When burners are 
lighted only on the saturated side, saturated 
steam is generated. When burners are lighted 
on the superheater side as well as on the sat- 
urated side, the saturated steam flowing through 
the superheater becomes superheated. 

In this type of boiler, the degree of super- 
heat obtained depends primarily upon (1) the 
firing rate on the superheater side, and (2) the 
rate of steam flow through the superheater. 
However, the rate of steam flow through the 
superheater is basically determined by the 
firing rate on the saturated side. In general, 
therefore, the degree of superheat depends upon 
the ratio of the amount of oil burned in the 
superheater side to the amount of oil burned in 
the saturated side. 
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Table 17-1 shows the relationship between 
the amount of oil burned in the superheater -side 
furnace and the amount burned in the saturated- 
side furnace of the boilers installed in some 
destroyers of the DD445 class, assuming that 
maximum designed superheat (850° F) is carried 
under all conditions. Table 17-2 gives the same 
information for the boilers installed in aircraft 
carriers of the Essex class. As maybe seen 
from these tables, the percentage of oil burned 
in the superheater- side furnace varres accord- 
ingtothe condition of load. Comparison of these 
two tables will show that that proportion of oil 
burned in the superheater- side furnace is quite 
different in the two installations. 

The most important advantage of the double - 
furnace boiler arises from the fact that the 
separate firing of the superheater side allows 
positive control of the degree of superheat. In 
single -furnace boilers, where one source of 
heat must be used both for generating and for 
superheating the steam, the degree of superheat 
increases as the rate of steam generation in- 
creases; therefore, the maximum designed tem- 
perature at the superheater outlet is normally 
reached only at full power. 

With controlled superheat, however, it is 
possible to maintain the maximum designed 
temperature at the superheater outlet under 
widely varying conditions of load. Because 
maximum temperature can be maintained under 



such varying conditions, the double-furnace 
boiler can be designed for a higher maximum 
temperature than can a single-furnace boiler, 
assuming the same quality of materials for 
boilers, piping, and turbines. When superheat de- 
pends upon the rate of steam generation, rather 
than being separately controlled, allowance must 
be made for the maximum superheater tempera- 
ture which might occur under adverse conditions 
of load; hence the maximum operating tempera- 
ture must be considerably lower than the maxi- 
mum operating temperature in a comparable 
double- furnace boiler. In practice, most double- 
furnace boilers are designed to carry a super- 
heater outlet temperature of 850° F; this is about 
100° F higher than the operating temperature for 
comparable single-furnace boilers. 

At this point, you might well ask: What is 
the advantage of having a higher superheater 
outlet temperature 9 The usual answer is that 
the higher temperature "increases efficiency." 
This statement is true, but may be somewhat 
misleading. The higher temperature does not 
necessarily increase BOILER efficiency, but it 
does contribute to an increase in the efficiency 
of the entire propulsion plant. As you know, the 
function of the shipboard steam cycle is to con- 
vert the thermal energy of the steam into me- 
chanical energy in the form of work. The ideal 
(or theoretical) efficiency of such a cycle is given 
by the formula 



Table 17-1.— Percentage of total oil burned in superheater- side furnace and in saturated- side 
furnace to maintain maximum designed superheat (850° F) under various conditions of load 

(DD 445 Class Destroyers). 



Condition 





12 Knots 
2 Boilers 


15 Knots 
2 Boilers 


25 Knots 
2 Boilers 


Full Power 
4 Boilers 


Approximate total pounds of oil 
burned per hour, each boiler 


885 


1235 


4260 


9220 


Percentage of total oil burned in 
superheater-side furnace 


34.5% 


41.3% 


48.0% 


46.8% 


Percentage of total oil burned in 
saturated- side furnace 


65.5% 


58.7% 


52.0% 


53.2% 



104.15 
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where 

Ti = the absolute temperature of the steam 
leaving the boiler 

T2 = the absolute temperature at which the 
steam condenses in the condenser 

From this formula, it is easy to see that any 
factor which increases the temperature differ- 
ence between the steam at the boiler and the 
steam at the condenser will have the effect of 
increasing the efficiency of the whole plant. 
Since the condenser is cooledby sea water, there 
is no practicable way of lowering its operating 
temperature; hence, the only way to increase the 
temperature difference is to increase the tem- 
perature of the steam leaving the boiler. 

In spite of the advantages resulting from the 
control of superheat, double-furnace boilers are 
no longer being installed on naval combatant 
ships. Experience with these boilers has re- 
vealed some very definite disadvantages which 
at the present time appear to outweigh the ad- 
vantages of controlled superheat. Some of the 
disadvantages of double -furnace boilers are: 

L In practice (as opposed to theory) it is 
not possible to maintain maximum designed 



superheat at low steaming rates. Only the steam 
for the main turbines and the turbogenerators 
goes through the superheater. At low steaming 
rates, therefore, the steam flow through the 
superheater is not great enough to permit a high 
firing rate on the superheater side. Under some 
conditions, therefore, the steam supplied to the 
propulsion turbines or to the turbogenerators 
may be saturated or only very slightly super- 
heated. As a consequence, the double -furnace 
boiler is actually less efficient than the single - 
furnace boiler at low firing rates. 

2. The double -furnace boiler is more dif- 
ficult to operate than the single -furnace boiler 
and requires more personnel for its operation. 
After there is any appreciable load on the boiler, 
the high air pressure in the double casing and in 
the furnace makes it difficult (and sometimes 
even dangerous) to light off the superheater side. 
In order to avoid this difficulty, personnel would 
have to be able to predict the need for superheat 
and light off the burners on the superheater side 
before the air pressure becomes too high. Ob- 
viously, it is not always possible to make such 
predictions. 

3. The double -furnace boiler is heavier and 
larger than a single -furnace boiler of equal 
capacity. 

Now let's look at some of the operating 
characteristics of single- furnace boilers. To 



Table 17-2.— Percentage of total oil burned in superheater-side furnace and in saturated-side 
furnace to maintain maximum designed superheat (850° F) under various conditions of load 
(Essex Class Aircraft Carriers). 



Condition 





1 2 Knots 
2 Boilers 


15 Knots 
2 Boilers 


25 Knots 
4 Boilers 


Full Power 
8 Boilers 


Approximate total pounds of oil 
burned per hour, each boiler 


3750 


4910 


7590 


11,860 


Percentage of total oil burned in 
superheater-side furnace 


38.9% 


42.0% 


47.8% 


45.0% 


Percentage of total oil burned in 
saturated-side furnace 


61.1% 


58.0% 


52.2% 


55.0% 



104.16 
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begin with, we should make a distinction between 
older single -furnace boilers, such as the ones 
that were installed on many World War II de- 
stroyer escorts, and the newer single -furnace 
boilers that have been installed on ships built 
since World War II. The two types of boilers are 
very similar, but the newer single -furnace 
boilers are designed for higher operating pres- 
sures and temperatures. 

The older type of single-furnace boiler that 
was very commonly installed in destroyer es- 
corts was designed to produce about 60,000 
pounds of steam per hour at full power. At full 
power the steam drum pressure is about 460 
psig, the superheater outlet pressure is about 
435 psig, and the superheater outlet temperature 
is about 750° F. 

The operating pressures of the newer 
single -furnace boilers range from 600 psig to 
1200 psig or even higher. Operating temperature 
(superheater outlet temperature) is quite com- 
monly 950° F on the high pressure single- 
furnace boilers. (Incidentally, a high pressure 
boiler these days is defined as one that oper- 
ates at 751 psig or above. Note, however, that 
the classification of boilers according to oper- 
ating pressure is subject to change. What is 
called a high pressure boiler today may well 
be called a low pressure boiler tomorrow.) 

In a single -furnace boiler, both the gener- 
ating tubes and the superheater tubes are heated 
when the boiler is fired. In order to protect the 
superheater tubes, all steam generated in the 
boiler is passed through the superheater. A de- 
superheater is used to desuperheat the steam re- 
quired for the auxiliaries. On most single - 
furnace boilers, the desuperheater is located in 
the steam drum; on some newer single -furnace 
boilers, it is located in the water drum. 

In single -furnace boilers, the superheater 
tubes must be protected from the heat of the 
furnace in the interval during which fires are 
lighted but the rate of steam generation is still 
insufficient to ensure a safe flow through the 
superheater. Various methods are used to pro- 
tect the superheater tubes during this critical 
period immediately after the boiler has been 
lighted off. Very low firing rates are used and 
the boiler is warmed up very slowly until an ad- 
equate steam flow has been established. Many 
single -furnace boilers are arranged so that they 
may be supplied with cooling steam from another 



boiler or from some other source (shipyard, 
tender, etc.). When the protective steam con- 
nections are fitted, and when protection steam 
is available, it should always be used during 
the lighting off period. 

In single -furnace boilers, the degree of 
superheat obtained is primarily dependent upon 
the firing rate. However, a number of design con- 
siderations and operational conditions also affect 
the temperature of the steam at the superheater 
outlet. 

Design features that affect the degree of 
superheat include: 

1. The type of superheater installed— 
whether heated by convection, by radiation, or 
by both convection and radiation. 

2. The location of the superheater with re- 
spect to the burners. 

3. The extent to which the superheater is 
protected by water screen tubes. 

4. The area of superheater heat -transfer 
surface. 

5. The number of passes made by the steam 
through the superheater. 

6. The location of gas baffles. 

7. The volume and shape of the furnace. 

Operational factors that affect the degree of 
superheat include: 

1. The rate of combustion. 

2. The temperature of the feed water. 

3. The amount of excess air passing through 
the furnace. 

4. The amount of moisture contained in the 
steam entering the superheater. 

5. The condition of the superheater tube 
surfaces. 

6. The condition of the water screen tube 
surfaces. 

Since some of these operational factors af- 
fect the degree of superheat in ways that are not 
immediately obvious, let's examine them in more 
detail. 

How does the rate of combustion affect the 
degree of superheat? To begin with, you might 
think that the more heat you put into the furnace, 
the greater would be the degree of superheat. 
This is true— but only up to a certain point. 
Throughout most of the operating range of a 
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single -furnace boiler, the degree of superheat 
goes up quite steadily as the rate of combustion 
goes up. Near full power, however, the degree of 
superheat drops slightly even though the rate of 
combustion is still goingup. WHY does this hap- 
pen? Primarily because the increased firing rate 
results in an increased generating rate; this, in 
turn, results in a greater steam flow through the 
superheater. The rate of heat absorption in- 
creases more rapidly than the rate of steam flow 
increases, until the boiler is operating at almost 
full power. At this point, the rate of steam flow 
increases more rapidly than the rate of heat ab- 
sorption. Therefore, the superheater outlet tem- 
perature drops slightly. 

Suppose that a single-furnace boiler is being 
fired at a constant rate and that the steam is 
oeing used at exactly the same rate it is being 
generated. What would happen to the superheat if 
the temperature of the incoming feed water was 
increased 9 Would the superheater outlet temper- 
ature increase, decrease, or remain the same 9 
Surprisingly enough, the superheater outlet tem- 
perature would DECREASE if the feed water 
:emperature was increased. Why? Because more 
saturated steam would be generated from the 
same amount of fuel. This would cause an in- 
crease in the rate of flow through the super- 
leater, but there would be no increase in the 
amount of heat available for transfer to the 
superheater. Therefore the degree of superheat 
Arould drop. 

Under conditions of constant combustion 
rate and constant load, what happens to the 
superheat if the amount of excess air is in- 
creased 9 An increase in excess air results in an 
INCREASE in temperature at the superheater 
Dutlet. Why 9 Let's take it step by step: 

1. An increase in excess air decreases the 
average temperature in the furnace. 

2. With the furnace temperature lowered, 
:here is less temperature difference between the 
rases of combustion and the water in the gener- 
ating tubes. 

3. Because of the smaller temperature dif- 
ference, the rate of heat transfer is reduced, 
since the rate of heat transfer is proportional to 
:he temperature difference. 

4. Because of the decreased rate of heat 
:ransfer, the evaporation rate is reduced. 



5. The lower evaporation rate causes a re- 
duction in the rate of steam flow through the 
superheater, and a consequent rise in the super- 
heater outlet temperature. 

In addition to this series of events, another 
factor also tends to increase the superheater 
outlet temperature. Large amounts of excess air 
tend to cause combustion to occur in the tube 
bank rather than in the furnace itself. Conse- 
quently, the temperature in the area around the 
superheater tubes is higher than normal, and the 
superheater outlet temperature rises. 

Any appreciable amount of moisture in the 
saturated steam entering the superheater causes 
a very noticeable drop in superheat. Why? Be- 
cause steam cannot be superheated as long as it 
is in contact with the water from which it is 
being generated. If moisture enters the super- 
heater, therefore, a good deal of heat must be 
used to dry the steam before the temperature of 
the steam can be increased. 

The condition of the superheater tube sur- 
faces has an important effect on superheater out- 
let temperature. If the tubes have soot on the 
outside or scale on the inside, heat transfer will 
be retarded and the degree of superheat will be 
decreased proportionately. 

If the water screen tubes have soot on the 
outside or scale on the inside, heat transfer will 
be retarded. Therefore, there will be more heat 
available for transfer to the superheater as the 
gases of combustion flow through the tube bank. 
Consequently, the superheater outlet temper- 
ature will be increased. 

The single -furnace boiler is lighter and 
smaller, for any given output of steam, than the 
double -furnace boiler. Because the single- 
furnace boiler supplies superheated steam at low 
steaming rates, the overall plant efficiency is 
better with the single -furnace boiler than with 
the double -furnace boiler. The single-furnace 
boiler has the additional advantage of simplicity 
of operation and maintenance. 

On the disadvantage side, the single-furnace 
boiler does not have controlled superheat. In- 
stead, variations in steam temperature at the 
superheater outlet are inherent in the design of 
all single-furnace boilers currently used in naval 
ships. Another disadvantage of the single- 
furnace design is that it is in general less effi- 
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cient at high firing rates than the double-furnace 
boiler. 

When all the advantages and disadvantages 
are considered, the single-furnace boiler ap- 
pears to be the best for naval use at the present 
time. Except for a few boilers that have been 
installed more or less experimentally, all 
natural circulation boilers installed in com- 
batant ships since World War II are of the 
single-furnace type. 

It is important to remember, however, that 
new types of boilers are constantly being devel- 
oped and tested and that existing types of boilers 
are subject to modification. The tendency in 
modern boiler design is toward the use of higher 
operating pressures and temperatures. So far, 
higher pressures and temperatures have been 
achieved mostly by making the necessary mod- 
ifications in conventional single -furnace boiler 
designs. In the future, however, you may see 
some very different kinds of boilers installed in 
the propulsion plants of naval ships. 

LIGHTING OFF BOILERS 

A lighting-off sheet must be filled out for 
each boiler as it is being lighted off. The sheet 
indicates the step -by -step procedures required 
for lighting off. As each step is completed, the 
petty officer in charge of the watch checks off 
the step on the lighting-off sheet. The sheet 
serves as a record that each step has been per- 
formed in the proper sequence. 

Before lighting off any boiler there are some 
safety precautions that must be followed. The 
importance of safety in the fireroom cannot be 
overemphasized. You must be completely 
familiar with all safety precautions when light- 
ing off boilers. 

The following precautions must be observed 
prior to and during the lighting off of the boiler: 

1. Run the water just out of sight in the 
bottom of the gage glass. Then use the emer- 
gency feed pump to bring the water back up to 
lighting off level. 

2. Check the superheater to be sure that it 
is thoroughly drained at all times, even on 
boilers that have superheater protection steam 
system. The superheater gravity (open funnel) 
drains must be opened when the boiler is being 



lighted off. The gravity drains should remain 
open until the boiler has built up enough pres- 
sure (about 60 psi) to allow the use of the high 
pressure drains. 

3. Always blow through or purge the fur- 
nace before lighting off and before relighting 
burners on a boiler that has been secured. 
Purging time must be sufficient to clear the 
furnace and uptakes of combustible gases. A 
minimum of five changes of air, or 10 minutes 
of purging at an air flow rate equal to 10 per- 
cent of the normal air flow rate, is considered 
necessary. 

4. Always use a torch for lighting off and 
stand well clear to avoid injury from a flare - 
back. 

5. Make sure that the torch pot is firmly 
secured and that it is not too full of oil. 

6. Always check the operation of the boiler 
steam pressure gages. When steam begins to 
emit from the steam drum vent, check the pres- 
sure gage to see if it is registering. 

7. Prior to placing the boiler in service, 
make all prescribed tests of safety valves. 

8. Prior to placing the boiler in service, 
test all automatic safety devices to make sure 
they are operating properly. 

The following special precautions must be 
observed when lighting off a double -furnace 
boiler: 

L NEVER light burners on the super- 
heater side until an adequate steam flow has 
been established through the superheater. 
NEVER light a burner on the superheater side 
unless one or more burners are in operation on 
the saturated side. 

2. When only the saturated-side furnace is 
lighted off, keep the air registers tightly closed 
on the superheater side. This precaution is 
necessary because air leakage through the 
superheater -side furnace would tend to cause 
condensation in the superheater. 

3. When there is little or no flow through 
the superheater, take every precaution to see 
that the saturated side is not overfired. Ex- 
cessive heat from the saturated side can be ex- 
tremely damaging to the superheater tubes. 
Table 17-3 shows the maximum allowable firing 
rates for the saturated-side furnace for double- 
furnace boilers on various classes of ships, un- 
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Table 17-3.-Maximum allowable firing rates 
for saturated-side furnace when there is 
no flow through superheater, for double- 
furnace boilers on various ships. 



Maximum fir- 
ing rate (lbs 
Ships oil per hr) 

saturated-side 
furnace 



CA 68 class 3200 

CA 122 class 3200 

CA 134, 139, and 148 3130 

CB 1, 2, and 3 2400 

CL 51 class 3750 

CL 55 class 1500 

CL 119-121 3750 

CL 144 class 3200 

CVA 9 class 3000 

CVA 41 class 4180 

CVL 24-30 1500 

CVL 48 and 49 3700 

DD 423 class and above, except 

DD 445 class with Foster 

Wheeler radiant-type 

superheater 1000 

DD 445 class with Foster 

Wheeler radiant -type 

superheater 2290 
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der conditions of no steam flow through the 
superheater. 

4. Before lighting off the superheater side, 
be sure that a safe minimum steam flow has 
been established through the superheater. 
Double-furnace boilers are equipped withsuper- 
heater steam flow indicators which are calibrated 
in inches of water. Table 17-4 shows the minimum 
steam flow that must exist before the super- 
heater is lighted off. Note that the safe minimum 
flow varies considerably for various classes of 
ships. The adjustable red and green strip on the 
steam flow indicator should always be installed 
so that the division line between the green and 
red portions indicates the minimum safe steam 
flow for that particular boiler. 

The following special precautions must be 
observed when lighting off single-furnace boilers 
in order to protect the superheater while steam 
is being raised: 



Table 17-4.-Minimum steam flow required 
before lighting off superheater side on 
double-furnace boilers installed in 
various ships. 



Safe minimum 
steam flow 
Ships through super- 

heater (inches 
of water) 



CA 68-75 2.0 

CA 122-124,130-133, 135,136. . 2.25 

CA 134, 139,148 2.4 

CB1-3 2.2 

CL 55-60, 62-67, 80-83, 86, 87, 

89-93,101-107 2.0 

CLAA 53, 54, 95-98, 119-121 .. 1.5 

CL 144, 145 2.25 

CV 9-21, 31-47 1.5 

CVB 41-43 2.1 

CVL 24-30 2.0 

CVL 48, 49 2.25 

DD 423,424,429-432, 435, 

437-443, 484, 486-488, 497, 

619, 623, 624, 626, 628, 638, 

641, 645-647 2.0 

DD 445 class (Babcock & Wilcox 

boilers) 2.0 

DD 472 group of DD 445 class 

(Foster Wheeler boilers) .. 5.0 

DD692 class 2.0 

DMS 19-21, 23, 25-27, 30-42 . . 2.0 

DM 23-30, 32, 33 2.0 
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1. On or before lighting the first burner, 
establish a positive flow of steam through the 
superheater. If the boiler has a protection steam 
system, see that the protection steam exhaust 
valve and the protection steam inlet valve are 
opened at the proper time to provide a positive 
steam flow through the superheater. If the boiler 
does not have a protection steam system, see 
that a positive steam flow is established by open- 
ing the superheater drains to the bilges and 
opening the superheater vent to the atmospheric 
escape pipe. 

2. Be sure the superheater is thoroughly 
drained at all times. Even on boilers that have 
superheater protection steam systems, the 
superheater gravity (open-funnel) drains must 
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be opened when the boiler is being lighted off. 
The gravity drains should remain open until the 
boiler has built .up enough pressure (about 50 
psi) to allow the use of the highpressure drains. 

3. If the boiler has a protection steam sys- 
tem, close the protection steam INLET valve 
when the steam drum pressure reaches approx- 
imately 150 psi-or, in any case, by the time the 
steam drum pressure equals the pressure in the 
superheater protection steam supply line. 

4. While steam is being raised, be sure the 
allowable rate of combustion is not exceeded. 
The superheater protection steam system is not 
designed to protect the superheater at high rates 
of combustion. 

5. The superheater protection steam EX- 
HAUST valve should be left open until the aux- 
iliary steam stops are opened and the boiler is 
furnishing steam to the auxiliary steam line. 

Special instructions for lighting off high 
pressure boilers will be found in the manufac- 
turers 1 technical manuals. Although lighting- 
off procedures for high pressure boilers are in 
general similar to lighting -off procedures for 
other boilers, some variation may be expected. 
This is particularly true of thenewpressurized- 
furnace boilers and of boilers having automatic 
combustion and feed water controls. It is essen- 
tial that all special or supplementary instruc- 
tions be followed carefully. 

Before the fireroom is reported ready to 
answer all bells, a number of checks and inspec- 
tions must be made to see that everything is in 
order. The auxiliary machinery (pumps, forced 
draft blowers, etc.) must be operating properly. 
The fuel oil system must be lined up with the 
main fuel oil ' service pump in operation, a 
standby service pump lined up and ready to take 
suction from the standby fuel oil service tank, 
the fuel oil heater in operation with the appro- 
priate number of units, and standby atomizer 
assemblies made up and stored in racks near 
the boiler. The feed water system must be lined 
up with the main feed pump in operation, a 
standby main feed pump warmed up, and the 
emergency feed pump operating slowly in a 
standby condition. All gages, instruments, 
alarms, and annunciators must be checked to 
see that they are in good working condition. All 
safety precautions must be observed, andunsafe 
operating conditions must not be allowed to exist. 



UNDERWAY OPERATIONS 

After boilers have been lighted off and cut 
in on the line, constant attention must be paid to 
all details of boiler operation. Proper pressures 
and temperatures must be developed and main- 
tained, the water level must be kept within safe 
limits, and combustion requirements must be 
met. Underway operations are discussed in con- 
siderable detail in Boilerman 3 & 2, NavPers 
10535-E. The present discussion merely takes 
up a few operational considerations that are of 
interest to the BT1 or BTC. 

STEADY STEAMING 

During in-port operation and under cruising 
conditions, the rate of combustion is fairly con- 
stant because changes in steam demand are, in 
general, very small. Every effort should be made 
to stabilize boiler operations-that is, to main- 
tain constant conditions on as many as possible 
of the boilers in use. The following factors are 
important in maintaining steady boiler condi- 
tions: 

1. The fuel oil should be kept at the speci- 
fied temperature and pressure. 

2. The blowers should be regulated to give 
the proper air pressure, and this air pressure 
should be kept steady as long as no change is 
made in the oil pressure, the number of burners 
in use, or the size of sprayer plates in use. 

3. The water should be maintained at the 
proper level, without major fluctuations. 

4. The air registers should be adjusted to 
the proper position for the steaming rate, and 
should be kept in the correct position. 

5. The atomizers should be clean and in 
proper adjustment. 

6. The burners should be used according to 
the lighting- off sequence specified by the boiler 
manufacturer or by the Naval Ship Systems Com- 
mand. 

7. Feed water pressure and temperature 
should be kept constant. 

8. Superheater outlet pressure and tem- 
perature should remain steady. Wide or fre- 
quent fluctuations in the degree of superheat re- 
sult in a considerable loss of efficiency in the 
engineering plant as a whole, and-if extreme- 
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can cause extensive damage to machinery, 
piping, joints, valves and casings. 

9. When more than one boiler is in use, as 
many of them as possible should operate at the 
same rate of combustion and with the same num- 
ber of burners in use. 

10. The same size sprayer plates should be 
used in all burners of all boilers in use. 

CONTROL OF BOILER PRESSURE 

Some boilers are operated with the steam 
drum pressure as the constant (or controlling) 
pressure; others are operated with the super- 
heater outlet pressure as the controlling pres- 
sure. In general, boilers having pressure pilot - 
operated superheater outlet safety valve assem- 
blies are operated with constant steam drum 
pressure; the superheater outlet pressure then 
varies according to the steaming rate. Boilers 
that do not have this type of superheater outlet 
safety valve assembly are usually operated with 
the superheater outlet pressure as the constant 
or controlling pressure; in this case, the steam 
drum pressure is adjusted to maintain the re- 
quired superheater outlet pressure. 

Regardless of which pressure is kept con- 
stant, the maximum authorized steam drum 
pressure must never be exceeded under normal 
operating conditions. 

When the ship is maneuvering (and partic- 
ularly under conditions of rapid acceleration) 
every precaution must be taken to see that the 
load on the boilers does not even momentarily 
exceed the allowable limits. Except when a 
boiler is to be cut out, steam pressure must 
never be allowed to drop below 85 percent of 
the authorized operating pressure. If there is a 
substantial drop in steam pressure, demands for 
steam must be cut down drastically, without 
hesitation, until the steam pressure has built up 
again to a safe point. Otherwise, the operation 
of the blowers, pumps, and other auxiliaries 
which control the supply of air, fuel oil, and feed 
water will become slower and slower, and the 
steam pressure will consequently drop even 
more. Ships have been brought to a dead stop, 
with all fires out, as the final result of taking 
steam from a boiler faster than it is being gen- 
erated. 

A further danger in taking steam from a 
boiler when the pressure is below normal arises 



from the fact that the specific volume (that is, 
the volume per pound) of steam increases as the 
pressure decreases. This increase in specific 
volume may lead to circulation difficulties in 
the boiler, with consequent danger of over- 
heating. 

If special circumstances should make it 
necessary for a boiler to continue to furnish 
steam after the pressure has dropped to below 
85 percent of the authorized operating pressure, 
the boiler must NOT be operated at a rating of 
more than one -half of full-power capacity. 

LOWERING SUPERHEAT 
FOR ASTERN OPERATION 

On most ships it is necessary to lower the 
degree of superheat for astern operation, since 
the astern turbines are not designed for as high 
temperatures as the other propulsion turbines. 
On double -furnace boilers, the superheat is 
lowered by reducing the firing rate on the super- 
heater side. On single -furnace boilers, the 
superheat drops as soon as steam is admitted to 
the astern turbines; this drop in temperature 
occurs because the astern turbines require a 
greater volume of steam than the ahead turbines, 
thus increasing the rate of flow through the 
superheater and thereby reducing the super- 
heater outlet temperature. 

Superheat temperatures to be used for 
astern operation vary from one installation to 
another. For specific information on various 
installations, consult chapter 9410 of the Naval 
Ships Technical Manual and the technical man- 
ual furnished by the turbine manufacturer. 

ROTATION IN USE OF BOILERS 

From the time a ship is commissioned, 
care should be taken to operate the boilers on a 
schedule that will give approximately the same 
total steaming hours for each boiler. It is good 
engineering practice to stagger the steaming 
hours of the boilers between cleaning periods, 
so that all boilers will not require cleaning at 
the same time; but this can be done in such a 
way that the total steaming hours for all boilers 
will remain approximately the same. 
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EFFECT OF STEAM 
CATAPULT OPERATION 

On carriers equipped with steam catapults, 
the operation of the ship's boilers may present 
special problems during catapult launchings. 
Most of these problems arise from the fact that 
when the steam accumulators are being charged 
there may be sudden and very large demands 
for steam, similar to the demands made during 
rapid maneuvering. These severe demands for 
steam result in fluctuations of steam drum 
pressure, superheater outlet pressure, and 
water level. 

Under emergency conditions, the demand 
for steam can be so sudden that there is a pos- 
sibility of excessive moisture carryover. If the 
emergency steam demands are to continue for 
any length of time, excessive carryover can be 
avoided by beginning the charging operation 
with a water level that is very slightly (perhaps 
1 to 2 inches) below normal. If this practice is 
followed, however, great care must be taken to 
see that the initial water level is not too low, 
since there would then be danger of the water 
level dropping out of sight in the gage glass. 

Part of the steam demand is, obviously, for 
steam to fill the accumulator of the steam cata- 
pult itself; but along with this expected require- 
ment goes a surprisingly large increase in the 
steam required for the operation of the auxiliary 
machinery. Over a wide range, the main feed 
pumps, forced draft blowers, and other vital 
auxiliaries will be operating intermittently. 
Particular care must be taken, therefore, to ob- 
serve the operation of these auxiliaries during 
steam charging operations. 

Before catapult operations are begun, the 
settings of the automatic boiler controls should 
be checked to make sure that all units are set in 
accordance with the manufacturer's recom- 
mendations. Proper setting of the units in the 
control systems will ensure an adequate supply 
of steam to all auxiliaries controlled by the con- 
trol systems and, at the same time, will ensure 
that the additional steam supplied to the auxiliar- 
ies is kept to the minimum that is actually re- 
quired. 



SAFETY PRECAUTIONS 

There are a number of safety precautions 
that are to be observed while the boiler is in 
operation. You must be completely familiar with 
all of these precautions. You must observe these 
precautions yourself andyou must see that others 
observe them also. 

The following precautions must be observed 
WHILE THE BOILER IS IN OPERATION: 

1. Do not exceed the authorized maximum 
steam drum pressure. 

2. Do not leave disconnected atomizers in 
place. 

3. At least once each hour, test the fuel oil 
heater drains. 

4. Do not use fuel oil that is contaminated 
with water. 

5. If fuel oil service pump suction is lost, 
close the boiler stops before the steam pressure 
drops to 85 percent of authorized working pres- 
sure. 

6. In securing a boiler, do not close the 
master fuel oil valve until the pump is secured, 
except in an emergency. 

7. As long as a boiler is furnishing steam, 
do not shut off the feed supply even for a short 
time. 

8. Blow through the water gage glasses at 
the prescribed intervals. 

9. Observe the following precautions to re- 
duce the danger of fires and flarebacks: 

a. Do not allow oil to accumulate in the 
furnace. 

b. Wipe up spilled oil immediately. 

c. If burners are suddenly extinguished, 
shut off the oil supply and blow 
through the furnace with air. 

d. Do not use large amounts of excess 
air. 

e. Always use a torch to light off the 
first burner. Always use a torch to 
light off additional burners until the 
furnace becomes intensely hot. Never 
attempt to relight burners from hot 
brickwork. 
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f. When lighting off a burner, stand 
clear to avoid injury if a flareback 
should occur. 

10. Be sure there is an adequate steam flow 
through the superheater at all times. 

11. On double -furnace boilers, do not exceed 
the specified rate of raising and lowering super- 
heat-about 50° F every 5 minutes. 

12. If the water drops out of sight in the water 
gages, shut off the oil supply or kill the fires, 
ease open the safety valves, close the boiler stop 
valves, close the feed check valve, and close all 
openings into the boiler. 

13. If practicable, cut out a boiler at once if 
a brick falls out of the furnace wall. If it is nec- 
essary to continue the boiler in operation until 
another one can be brought in on the line, cut out 
the burners that are near the place where the 
brick has fallen out. 

14. Never empty a boiler with bottom blow, 
except in an emergency. Never blow down div- 
ision wall headers, water screen headers, and 
water wall headers until after all burners have 
been secured. 

15. When securing a boiler, open the dis- 
charge connection to the auxiliary exhaust before 
closing the main and auxiliary steam stops. 

16. When securing a double -furnace boiler, 
secure the superheater-side burners before se- 
curing the saturated-side burners. Reduce steam 
pressure slowly. 

SECURING BOILERS 

When securing a single-furnace boiler, open 
the superheater protection steam exhaust valve 
BEFORE closing the main steam boiler stop. 
The protection steam exhaust valve (which dis- 
charges to the auxiliary exhaust system) should 
be kept open until the steam drum pressure has 
dropped to 100 psig or less. 

The procedure is not quite the same if a 
single -furnace boiler is to be secured only tem- 
porarily and is to remain under pressure. In 
this case, do NOT open the superheater protec- 
tion steam exhaust valve at this time unless it 
must be opened to prevent an excessive rise of 
pressure. The valve should then be opened in 
the usual way, before the first burner is lighted, 
when you are preparing to bring the boiler back 
up to pressure before cutting it in on the line. 



The procedures for securing a double - 
furnace boiler vary slightly according to the 
number of boilers that are on the line at the 
time of securing. If only one boiler is on the 
line, the superheater outlet temperature should 
be dropped to approximately 700° F as the 
mooring or anchorage is approached. The super- 
heat should be secured entirely when the main 
turbine and turbogenerator requirements are 
insufficient to ensure a safe steam flow through 
the superheater. 

With more than one boiler on the line, the 
procedure for cutting out one double -furnace 
boiler is as follows: 

1. Drop the superheater outlet temperature 
to about 600' F, at the rate of about 50° F every 
5 minutes. 

2. Shift the load to the other boiler or 
boilers on the line. 

3. Secure the superheater-side fires. 

4. Secure the saturated-side fires. 

5. Close the boiler steam stop valves. 

6. Bleed steam to the bilges until the boiler 
has stopped generating steam, 

OR 

use the steam from the boiler being secured to 
run the emergency feed pump or the main feed 
pump, to maintain the water level at three - 
fourths glass in the boiler being secured. This 
method of using the steam that is generated 
while the boiler is being secured is preferable 
in many installations, since bleeding steam to 
the bilges is not always feasible. 

There are a number of safety precautions 
that should be followed after the boiler is se- 
cured. You must observe these precautions and 
see that others also observe them. The follow- 
ing precautions should be observedAFTERTHE 
BOILER HAS BEEN SECURED: 

1. Remove atomizer assemblies as soon as 
possible. 

2. Close all openings to the furnace after 
all burners have been extinguished. 

3. After the boiler has stopped generating 
steam, fill the boiler to the three -fourths level 
in the water gage glass and close the feed stop 
and check valves. 
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4. Before removing any fittings or parts 
under pressure, and before loosening amanhole 
or handhole plate fitting, take steps to ensure the 
complete absence of pressure and the complete 
absence of hot water. Open the aircock and the 
superheater vents and drains and test the blow- 
down from the upper water gage cutout valve. 

FIREROOM EFFICIENCY 

The military value of a naval vessel de- 
pends in large measure upon her curising ra- 
dius, which, in turn, depends upon the efficiency 
with which the engineering plant is operated. 
Perhaps the largest single factor in determin- 
ing the efficiency of the engineering plant is the 
efficiency with which the boilers are operated. 
Greater savings in fuel, with consequent in- 
crease in steaming radius of the ship, may often 
be made in the fireroom than in all the rest of 
the engineering plant put together. 

BOILER CAPACITY 

The CAPACITY of a boiler is defined as the 
maximum rate at which the boiler can generate 
steam. The rate of steam generation is usually 
expressed in terms of pounds of water evapo- 
rated per hour. You should know something of 
the limitations upon boiler capacity, the signifi- 
cance of full -power and overload ratings, and 
the procedure for checking on boiler loads. 

LIMITATIONS ON 
BOILER CAPACITY 

The capacity of any boiler is limited by 
three factors that have to do both with the de- 
sign of the boiler and with its operation. These 
limitations, which are known as END POINTS, 
are (1) the end point for combustion, (2) the 
end point for moisture carryover, and (3) the 
end point for water circulation. 

Boilers are so designed that the end point 
for combustion should occur at a lower rate of 
steam generation than the end point for mois- 
ture carryover, and the end point for moisture 
carryover at a lower rate than the end point for 
water circulation. Since the end point for com- 
bustion occurs first, it is the only end point 
that is likely to be reached in a properly de- 
signed and properly operated boiler. However, it 



should be understood that it is quite possible to 
reach the end points for moisture carryover and 
water circulation BEFORE reaching the end 
point for combustion, by using larger sprayer 
plates than those recommended by the manu- 
facturer or by the Naval Ship Systems Com- 
mand. In such a case, the boiler might suffer 
great damage before the end point for combus- 
tion was reached. 

End Point for Combustion 

The process of burning fuel oil in a boiler 
furnace involves preheating the oil to the cor- 
rect temperature, forcing the oil into the fur- 
nace through atomizers which break up the oil 
into a foglike spray, and forcing air into the 
furnace in such a way that it mixes thoroughly 
with the oil spray. The amount of fuel oil that 
can be burned is limited primarily by the ac- 
tual capacity of the equipment that supplies the 
fuel (including the capacity of the sprayer plates), 
by the amount of air that can be forced into the 
furnace, and by the ability of the burner appa- 
ratus to mix this air with the fuel. The volume 
and shape of the furnace are also limiting fac- 
tors. 

The end point for combustion for a boiler is 
reached when the capacity of the sprayer plates, 
at the designed oil pressure for the system, is 
reached or when the maximum amount of air 
that can be forced into the furnace is insuffi- 
cient for complete combustion of the fuel. If the 
end point for combustion is actually reached 
because of insufficient air, the smoke in the up- 
takes will be black because it will contain part- 
icles of unburned fuel. However, this condition 
should be rare, since the end point for com- 
bustion is artifically limited by sprayer plate 
capacity when the fuel oil is supplied at the 
burner manifold at designed operating pressure. 
As noted before, this artificial limitation upon 
combustion in the boiler furnace is the factor 
that would cause the end point for combustion 
to occur before either of the other two end points. 

End Point for 
Moisture Carryover 

The rate of steam generation should never 
be increased to the point at which an excessive 
amount of moisture is carried over in the 
steam. In general, naval specifications limit the 
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allowable moisture content of steam leaving the 
saturated steam outlet to 1/4 of 1 percent. 

As you know, excessive carryover can be 
extremely damaging to piping, valves, and tur- 
bines, as well as to the superheater of the 
boiler. It is not only the moisture itself that is 
damaging but also the insoluble matter that may 
be carried in the moisture. This insoluble mat- 
ter can form scale on superheater tubes, tur- 
bine blades, piping and fittings; in some cases, 
it may be sufficient to cause unbalance of rotat- 
ing parts. 

As the evaporation rate is increased, the 
amount of moisture carryover tends to increase 
also, due to the increased release of steam 
bubbles. Because modern naval boilers are de- 
signed for high evaporation rates, steam sep- 
arators and various baffle arrangements are 
used in the steam drum to separate moisture 
from the steam. 

End Point for 
Water Circulation 

In natural circulation boilers, circulation 
Is dependent upon the difference between the 
density of the ascending mixture of hot water 
and steam and the density of the descending body 
Df relatively cool water. As the firing rate is 
increased, the amount of heat transferred to the 
tubes is also increased. A greater number of 
tubes carry the upward flow of water and steam, 
and fewer tubes are left for the downward flow 
Df water. Without downcomers to ensure a down- 
ward flow of water, a point would eventually be 
reached at which the downward flow would be in- 
sufficient to balance the upward flow of water 
and steam, and some tubes would become over- 
heated and burn out. This condition would deter- 
mine the end point for water circulation. 

The use of downcomers ensures that the end 
point for water circulation will not be reached 
merely because the firing rate is increased. 
Other factors that influence the circulation in a 
latural circulation boiler are the location of the 
burners, the arrangement of baffles in the tube 
oanks, and the arrangement of tubes in the tube 
oanks. 



BOILER FULL-POWER 
AND OVERLOAD RATINGS 

Full-power and overload ratings for the 
boilers in each ship are specified in the manu- 
facturer's technical manual. The total quantity 
of steam required to develop contract shaft 
horsepower of the ship, divided by the number 
of boilers installed, gives BOILER FULL- 
POWER CAPACITY. BOILER OVERLOAD CA- 
PACITY is usually 120 percent of boiler full- 
power capacity. For some boilers, a specific 
ASSIGNED MAXIMUM FIRING RATE is desig- 
nated. 

A boiler should not be forced beyond full- 
power capacity-that is, it should not be steamed 
at a rate greater than that required to obtain 
full-power speed with all the ship's boilers in 
use. A boiler should NEVER be steamed beyond 
its overload capacity, or fired beyond the as- 
signed maximum firing rate, except in dire em- 
ergency. 

CHECKING ON 
BOILER OPERATION 

In order to check on boiler operation, it is 
necessary to compare the amount of oil actually 
burned in a boiler with the amount that should be 
burned. This check is usually made during 
economy runs and during full -power runs. As a 
rule, 4 hours are allowed for each run. During 
the run, fuel oil consumption is measured at 
intervals of precisely 1 hour. This measure, 
when corrected for meter error and verified by 
tank soundings, gives the amount of oil that is 
ACTUALLY used. 

The amount of oil that SHOULD be used un- 
der specified conditions may be taken from 
tables or curves supplied in the manufacturer's 
technical manual for the boilers or from the 
ship's fuel performance tables. Since these two 
sources give different figures for the amount of 
oil that should be burned under various condi- 
tions, it is necessary to make a clear distinction 
between them. The differences, incidentally, 
arise from the fact that there are two basic ap-, 
proaches to the problem of checking on fuel oil 
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consumption. When you are concerned only with 
BOILER performance, you use the tables and 
charts from the manufacturer's technical man- 
ual; when you are concerned with PLANT per- 
formance with respect to fuel oil consumption, 
you use the ship's fuel performance tables. 

In every manufacturer's technical manual 
for boilers you will find a table similar to table 



17-5. This table gives information on recom- 
mended sprayer plate and burner combinations, 
together, with the theoretical amount of fuel re- 
quired, for several different speeds. The in- 
formation is supplied as a guide to operating 
personnel. Although the values stated are usually 
theoretical or, if not theoretical, are based on 
the operation of new boilers operating on new 



Table 17-5. -Boiler and Burner Combination, Burner Adjustments, Oil Rate, Oil Pressure, and 
Double Front Air Pressure for Various Speeds (DD 445 Class Destroyer). 



Speed (knots) 


Port 


12 


20 


30 


Full 
Power 


Number of boilers 


1 


1 


2 


1 


2 


3 


4 


4 


Approx. lbs. of oil 
per boiler per 
hr 




vari- 
able 


1460 


885 


4035 


2145 


6380 


4760 


9220 


Approx. lbs. of oil 
per side per 
boiler per hr 


S.H. 


vari- 
able 


580 


305 


1940 


950 


3035 


2310 


4340 


SAT. 


vari- 
able 


880 


580 


2095 


1195 


3345 


2450 


4880 


Number of burners 
and sprayer 
plate sizes 


S.H. 


vari- 
able 
4915-D 


1 

431 5-D 


1 

4915-D 


2 

3112-D 


2 

4315-D 


3 

301 2-D 


2 

3012-D 


3 

291 2-D 




SAT. 


1 or 2 
4915-D 


2 

4315-D 


2 

4915-D 


2 

3112-D 


2 

4315-D 


3 

3012-D 


2 

3012-D 


4 

291 2-D 


Impeller position 
(inches back) 


S.H. 


0 


3/4 


1 


1 


1 


1 


1 


1-1/2 


SAT. 


0 


1/2 


0 


1/2 


0 


1/2 


3/4 


3/4 


Air door adjust- 
ment (number of 
notches closed 
from wide open 
position) 


S.H. 


w.o. 


w.o. 


w.o. 


W.O. 


W.O. 


W.O. 


W.O. 


W.O. 


SAT. 


w.o. 


6 


10 


W.O. 


10 


4 


6 


9 


Approximate fuel 
oil pressure 
(psig) 


S.H. 


150- 

300 


140 


155 


235 


260 


200 


250 


290 


SAT. 


150- 
300 


245 


170 


270 


160 


235 


280 


210 


Approx. air pres- 
sure at double 
front (inches of 
water) 


vari- 
able 


0.9 


0.4 


5.1 


1.8 


8.9 


7.9 


18.1 



104.19 



354 
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ships or in a laboratory, the information is very 
useful as a guide or target and as a means of 
checking on the operation of the ship's boilers. 

As an example of how to check on boiler op- 
eration, assume that a destroyer of the DD 445 
class made a run at 20 knots with two boilers in 
use. Usually one boiler in each fireroomis used 
for such a run; in this case, the fuel oil meter 
readings (properly corrected for meter error 
and verified by tank soundings) can be used to 
show the amount of oil fired in each boiler. If 
the fuel oil meter reading is for both boilers, 
however, the reading should be divided by 2 and 
the assumption made that the load was equally 
split between the two boilers. 

For this example, let's assume that the two 
boilers are receiving oil through one meter. 
The meter reading shows an average use of 580 
gallons of oil per hour by the two boilers. In 
order to compare this with the amount of oil re- 
quired according to the table in the manufact- 
urer's technical manual (see sample table 17-1) 
you must convert the gallons to pounds. There 
are approximately 8 pounds of oil to a gallon, 
(This figure varies according to the oil and ac- 
cording to various other factors, including tem- 
perature; but 8 pounds per gallon is usually ac- 
curate enough for checking boiler operation.) 
To convert the 580 gallons of fueloilper hour to 
pounds of fuel oil per hour, you multiply 580 by 
8. Thus, 4640 pounds of oilper hour were burned 
by the two boilers. Assuming that the load was 
equally distributed between the two boilers, each 
boiler used 4640/2, or 2320 pounds of fuel oil 
per hour. 

From table 17-5, we see that only 2145 
pounds of oil per hour should have been used. 
Therefore, the boilers burned 108.1 percent of 
the amount of oil that should have been re- 
quired. (2320/2145 x 100 = 108.1 percent.) 

What happened? Several things could ac- 
count for the difference. A change of speed or 
even a change of course during the run would 
cause higher fuel consumption. If speed and 
course were steady, you will have to consider a 
number of other factors. Were the auxiliaries 
being used in the most economical manner 7 Or, 
for example, were too many forced draft blowers 
being used 7 Were the auxiliaries in good condi- 
tion 7 Worn packing or bearings on a pump or 
blower will increase the steam requirements of 
the unit. Did any type of casualty occur during 



the run 7 Were the sprayer plates of the proper 
size, and in good condition 7 Was the fuel oil 
pressure maintained as specified 7 Did the fuel 
oil contain water or sludge? What about the fuel 
oil meter— was it working properly? Were the 
meter readings corrected for meter error and 
checked by tank soundings 7 Were the firesides 
and watersides of the boilers clean? What was 
the condition of the sea 7 

It should be recognized, of course, that the 
figures obtained will not usually agree precisely 
with the figures given in the manufacturer's 
technical manual. Some leeway must be allowed 
before you conclude that the boilers are not op- 
erating efficiently. If there is a large difference 
between the amount of oil actually burned and 
the amount that theoretically should be burned, 
the operation and condition of the plant should be 
reviewed carefully to locate the source of the 
trouble. 

As a check to see that the fuel oil meter 
readings are fairly accurate, or as a means of 
checking on boiler operations when fuel oil 
meters are not available, another method of 
checking fuel oil consumption may be used. 
Let's assume that the same kind of boiler as in 
the last example is operating at full power. First 
of all, write down the number of burners, the 
sizes of sprayer plates and the oil pressures in 
use on each side of the boiler. You will have a 
table that looks like this: 



Boiler No. 1 


S.H. side 


Sat. side 


Number of burners. . . 


3 


4 


Size of sprayer plates . 


2712-D 


2712-D 




300 


290 



To find the amount of oil being burned, use 
the sprayer plate capacity curves that are in- 
cluded in the manufacturer's technical manual 
for these boilers. The sprayer plate capacity 
curves that apply to these boilers are shown in 
figure 17-1. 

First, find the amount of oil that is being 
burned by each burner on the superheater side. 
In figure 17-1, locate the intersection of the 
lines for PRESSURE (300 psi) and SPRAYER 
PLATE SIZE (2712-D). From this intersection, 
follow the line to the bottom of the graph and 
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98.177 



Figure 17-1.— Sprayer plate capacity curves. 



read the numerical value that indicates the 
pounds of oil per hour-in this case, 1700 pounds 
of oil per hour. Remember, however, that this is 
for ONE burner; and there are three burners in 
operation on the superheater side. Therefore, 
multiply 1700 by 3 to find the total amount of oil 
being burned on the superheater side— in this 
case, 5100 pounds of oil per hour. By the same 
process, find the amount of oil being burned by 
each burner on the saturated side-1640 pounds 
of oil per hour-and multiply it by the number of 
burners in use. Since there are four burners in 
use on the saturated side, the total amount of oil 
being burned on the saturated side is 1640 times 
4, or 6560 pounds of oil per hour. 

Next, add the totals for each side to get the 
total amount of oil being burned in the boiler— 
in this case, 5100 plus 6560 makes a total for 
the boiler of 11,660 pounds per hour. To find the 
percentage of load on the boiler, divide the total 
being burned by the total that should be burned 
at full power, and multiply by 100. Thus, 



11,660 
9220 



x 100 = 126.5% 



In other words, the boiler was being steamed 
at 126.5 percent of full power, or approximately 
26.5 percent overload. 

It should be noted that the method just given 
for computing the load on a boiler is subject to 
error in one respect. Using the sprayer plate 
curves to complete the amount of oil burned 
gives you a THEORETICAL figure for oil con- 
sumption, not an ACTUAL figure. If any condi- 
tions exist that would tend to make the actual 
fuel consumption higher or lower than normal 
for the given boiler -burner combination, these 
conditions will NOT be reflected in the figure 
that you finally get for percent of load on the 
boiler. Suppose, for example, that the sprayer 
plates were worn or damaged, or that a blockage 
existed in the fuel oil line. The amount of oil 
actually burned might then be considerably more 
or less than the amount you compute from the 
sprayer plate curves. Consequently the load on 
the boiler would be greater or less than your 
computations indicated. 

In the examples given so far, we have com- 
pared the amount of oil ACTUALLY used with 
the amount THEORETICALLY REQUIRED, as 
indicated in the tables and curves in the manu- 
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facturer's technical manual. In the case of the 
full-power run, these computations also gave us 
information on the percent of overload on the 
boiler. 

In actual shipboard practice, it is more 
common to compare the amount of oil actually 
used with the amount specified in the ship's fuel 
performance tables. These tables are adjusted 
to include the effects of sea conditions, water 
temperature, and a number of operational fac- 
tors. Consequently, the amount of oil that is 
theoretically required, according to these tables, 
is much higher than the amount given in the man- 
ufacturer's technical manual. When these tables 
are used, the amount of oil specified for a given 
condition is taken as a measure of 100 percent 
efficiency. If more oil is burned, the efficiency 
is less than 100 percent; if less oil is burned- 
and this is possible, since the amount that 
"should be" burned is a theoretical figure with 
an added margin of safety-the efficiency is con- 
sidered more than 100 percent. It is important 
to remember, when using this method to deter- 
mine "efficiency," that the figure you get does 
not give any indication of the actual load on the 
boiler and that it does not represent boiler ef- 
ficiency but rather plant efficiency. 

CHEMISTRY OF COMBUSTION 

Combustion is a chemical process which re- 
sults in the rapid release of energy in the form 
of heat and light. When a fuel burns, the chem- 
ical reactions between the combustible elements 
in the fuel and the oxygen in the air result in new 
compounds. The combustible components of fuel 
oil are mainly carbon and hydrogen, which are 
present largely in the form of hydrocarbons. 
Sulfur, oxygen, nitrogen, and a small amount of 
moisture are also present in fuel oil. 

In almost all burning processes, the prin- 
cipal reactions are the combination of the car- 
bon and the hydrogen in the fuel with the oxygen 
in the air to form carbon dioxide and a relatively 
small amount of water vapor. In the absence of 
sufficient air to form carbon dioxide, carbon 
monoxide will be formed. A reaction of lesser 
importance is the combination of sulfur and 
oxygen to form sulfur dioxide. 

Atmospheric air is the source of oxygen for 
the combustion reactions occurring in a boiler 
furnace. Air is a mixture of oxygen, nitrogen, 



and small amounts of carbon dioxide, water 
vapor, and inert gases. The approximate com- 
position of air, by weight and by volume, is as 
follows: 



Weight 



Volume 



Element 



(Percent) (Percent) 



Oxygen . 



Nitrogen, etc. 



23.15 



76.85 



20.91 



79.09 



At the proper temperature, the oxygen in the 
air combines chemically with the combustible 
substances in the fuel. The nitrogen, which is 
76.85 percent by weight of all air entering the 
furnace, serves no useful purpose in combustion 
but is rather a direct source of heat loss, since 
it absorbs heat in passing through the furnace 
and carries off a considerable amount of heat as 
it goes out the stack. 

HEAT OF COMBUSTION 
OF FUEL OIL 

When a combustion reaction occurs, a defi- 
nite amount of heat is liberated. The total 
amount of heat released by the combustion of a 
fuel is the sum of the heat released by each 
element in the fuel. The amount of heat liberated 
in the burning of each of the principal elements 
in fuel oil is as follows: 



Element 



Hydrogen (to water) 

Carbon (to carbon 
monoxide) . . . 

Carbon (to carbon 
dioxide) 

Sulfur (to sulfur 
dioxide) 



Chem- Heat Released 
By Combustion 
(BTU per lb) 

62,000 



ical 
Symbol 



Hr 



4,440 



14,540 



4,050 



Notice that much more heat is liberated 
when carbon is burned to carbon dioxide than 
when it is burned to carbon monoxide, the differ- 
ence being 10,100 Btu per pound. In burning to 
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carbon monoxide, the carbon is not completely 
oxidized; in burning to carbon dioxide, the car- 
bon combines with all the oxygen possible, and 
thus oxidation is complete. 

AIR REQUIRED 
FOR COMBUSTION 

Thus far in this discussion, we have as- 
sumed that the oxygen necessary for combustion 
was present in the exact amount required for the 
complete combustion of all the combustible ele- 
ments in the fuel oil. However, it is not a simple 
matter to introduce just exactly the required 
amount of oxygen-no more, no less-into the 
boiler furnace. 

Since atmospheric air is the source of oxy- 
gen for the combustion process that occurs in 
the boiler furnace, let us first calculate the 
amount of air that would be needed to furnish 1 
pound of oxygen. By weight, the composition of 
air is 23.15 percent oxygen and 76.85 percent 
nitrogen (disregarding the very small quantities 
of other gases present in air). To supply 1 pound 
of oxygen for combustion, therefore, it is neces- 
sary to supply 1/0.2315 or 4.32 pounds of air. 

Since nitrogen constitutes 76.85 percent of 
the air (by weight), the amount of nitrogen in this 
4.32 pounds of air will be 0.7685 x 4.32 or 3.32 
pounds. As mentioned before, the nitrogen serves 
no useful purpose in combustion and is a direct 
source of heat loss. 

Calculations will show that approximately 

14 pounds of air will furnish the oxygen theo- 
retically required for the complete combustion 
of 1 pound of fuel oil. In actual practice, of 
course, the amount of air necessary to ensure 
complete combustion must be somewhat in ex- 
cess of that theoretically required. About 10 to 

15 percent excess air is usually sufficient to en- 
sure proper combustion. Too much excess air 
serves no useful purpose, but merely absorbs 
and carries off heat. 

HEAT LOSSES 

When fuel is burned in the boiler furnace, 
the difference between the HEAT INPUT and the 



HEAT ABSORBED represents the HEAT LOSS. 
Heat losses may be unavoidable, avoidable, or- 
in some cases-avoidable only to a limited ex- 
tent. Most heat losses may be accounted for, but 
some losses cannot normally be accounted for. 

All fuel contains a small amount of moisture 
which must be evaporated andsuperheatedtothe 
furnace temperature. Since the expenditure of 
heat for this purpose constitutes a heat loss in 
terms of boiler efficiency, every precaution 
should be taken to prevent contamination of the 
fuel oil with water. 

All fuel contains some hydrogen which, when 
combined with oxygen by the process of com- 
bustion, forms water vapor. This water vapor 
must be evaporated and superheated, and in both 
processes it absorbs heat. Consequently, al- 
though the heat of combustion of hydrogen is 
very great, a small heat loss occurs because 
the water vapor formed as a result of the com- 
bustion of hydrogen must be evaporated and 
superheated. 

Since atmospheric air is the source of the 
oxygen utilized for combustion in the boiler fur- 
nace, there is bound to be some moisture in the 
combustion air. This moisture must be evapo- 
rated and superheated, and therefore constitutes 
a heat loss. 

The heat loss due to heat being carried away 
by combustion gases is the greatest of all the 
heat losses that occur in a boiler. Although much 
of this heat loss is unavoidable, some may be 
prevented by keeping all heat -transfer surfaces 
clean and by using no more excess air than is 
actually required for combustion. 

Another heat loss occurs because of incom- 
plete combustion of the fuel. When the carbon in 
the fuel is burned to carbon monoxide, instead of 
carbon dioxide, there is a tremendous heat loss 
of 10,100 Btu per pound. This should be consid- 
ered an avoidable loss, since the admission of a 
sufficient amount of excess air will ensure com- 
plete combustion. 

Heat losses that cannot be measured or that 
are impracticable to measure are (1) losses due 
to unburned hydrocarbons, gaseous or solid; (2) 
losses due to radiation; and (3) other losses not 
normally accounted for. 
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BOILER WATER TREATMENT 



To efficiently perform your duties, you must 
have a knowledge of boiler water problems and 
treatment and boiler water and feed water tests. 
Only personnel who hold current certifications 
are allowed to test or treat boiler water. 

The nature and theory of boiler water prob- 
lems, the theory of boiler water treatment, and 
the logs and records used in connection with 
boiler water tests and treatments are reviewed 
briefly in the following sections. More detailed 
information may be obtained from Boilerman 3 
& 2j NavPers 10535-E, and from chapter 9560 
of the Nava l Ships Technical Manual . Boiler 
water and feed water tests are not discussed 
here because they are taken up in great detail in 
the two references cited above. 

NATURE AND THEORY OF 
BOILER WATER PROBLEMS 

Although there are many sources of boiler 
water contamination,the contaminating materials 
tend to produce three main problems when they 
are concentrated or accumulated in the boiler 
water. Boiler water treatment must therefore be 
aimed at controlling the three main problems of 
(1) waterside deposits, (2) waterside corrosion, 
and (3) carryover. 

WATERSIDE DEPOSITS 

Any waterside deposit interferes with heat 
transfer and therefore causes overheating of the 
boiler metal. The term "waterside deposits" is 
used to include sludge, oil, scale, corrosion de- 
posits, and high-temperature oxide. With the 
possible exception of oil, these deposits are not 
usually soluble enough to be removed by washing 
or boiling out the boiler. 



SLUDGE is a general term used to cover all 
sedimentary deposits of insoluble matter in the 
boiler water. In general, sludge consists of 
metal oxides (including rust) and other corrosion 
products, reaction products of the chemicals 
used for boiler water treatment, and oil or 
grease. Most sludges are originally soft and 
nonadherent. After remaining on the boiler sur- 
faces for any length of time, however, sludges 
adhere firmly to the metal. In some cases they 
can be as difficult to remove as scale. 

Most sludges are heavier than water, and 
therefore tend to collect in the lower drums and 
headers and in the lower ends of the tubes. Be- 
cause of the high temperatures that exist in the 
fire row tubes, sludge that accumulates in these 
tubes tends to become baked. Baked sludge is 
extremely difficult to remove. The danger of 
baked sludge is indicated by the fact that about 
25 percent of all boiler tube casualties are as- 
sociated with such deposits. It is far easier to 
prevent the accumulation of sludge than to try 
to remove it after it has baked onto tubes or 
drums. The proper use of surface and bottom 
blowdown is most effective in preventing exces- 
sive accumulations of sludge in the boiler water. 

OIL is actually considered as aspecialkind 
of sludge. When oil gets into the boiler water, 
it tends to coat the watersides of the boiler uni- 
formly. At high temperatures, the oil gradually 
carbonizes into a graphite -like sludge. Under 
some conditions, oil in the boiler water may 
mix with other insoluble materials and roll into 
sludge balls. These sludge balls cannot be de- 
tected except when the boiler is opened up for 
inspection or repair. The early detection of oil 
or grease in the feed water or in the boiler 
water is of vital importance in preventing ser- 
ious accumulations of oil or grease in the boiler. 
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Although SCALE is a word that is used 
freely by most Boilermen and Boilermakers, 
true scale is actually rather rare in naval 
boilers. The slightest evidence of scale in a 
boiler should lead to an immediate investigation 
of the conditions that allowed its formation. 

Compounds of calcium and magnesium are 
the principal scale formers in naval boilers. 
Calcium sulfate is the most dangerous scale- 
forming salt because it is soluble in boiler feed 
water but almost insoluble at the temperatures 
existing in the boiler tubes. In the absence of 
proper water treatment, therefore, any calcium 
sulfate that enters in the feed water would 
crystallize out and be deposited as scale on the 
boiler tubes. Calcium sulfate is so hard and 
crystalline and it sticks so tightly to the tubes 
that it cannot be removed by mechanical cleaning. 

As mentioned before, true crystalline scale 
is seldom found in naval boilers. However, the 
day that the water king fails to make the water 
tests just might turn out to be the day that cal- 
cium sulfate scale begins to form in a boiler. 
It's a lot easier to make the boiler water tests 
and keep up the boiler water treatment than it is 
to remove scale or to try to explain why the 
scale was allowed to develop. 

CORROSION DEPOSITS, like scales, form 
directly in place on the boiler metal. Unlike 
scales, however, corrosion deposits are there- 
suit of chemical reactions of the metal with the 
water; they are NOT the result of crystallization. 

HIGH -TEMPERATURE OXIDE is a special 
type of corrosion product that results when hot 
metal reacts with air or water. This oxide is 
sometimes called "mill scale" because it gives 
the boiler metal an appearance similar to that of 
the surface of newly rolled steel. However, high- 
temperature oxide is not a true scale. 

WATERSIDE CORROSION 

The term "waterside corrosion" is used to 
include both localized pitting and general corro- 
sion. Most, if not all, waterside corrosion is 
probably electrochemical in nature. There are 
always some slight variations, both chemical and 
physical, in the surface of any boiler metal. 
These small chemical and physical variations in 
the metal surface cause slight differences in 
electrical potential between one area of a tube 
and another. Some areas act as anodes (positive 



terminals) and others act as cathodes (negative 
terminals). Iron from the boiler tube tends to go 
into solution more rapidly at the anode areas 
than at other points on the boiler tube. 

This electrolytic action cannot be com- 
pletely prevented in any boiler. However, it can 
be kept to a minimum by maintaining the boiler 
water at the proper alkalinity and by keeping the 
dissolved oxygen content of the boiler water as 
low as possible. 

The presence of dissolved oxygen in the 
boiler water contributes greatly to the type of 
corrosion in which electrolytic action makes 
pits or holes in the boiler tubes. The pits 
actually indicate the anodic areas in which iron 
from the boiler tube has gone into solution in 
the boiler water. Under certain circumstances, 
some of the metal may be deposited over the 
pit, forming a sort of scab. It is possible for a 
boiler tube to have some of these localized pits 
and scabs without showing any other signs of 
corrosion. 

General corrosion occurs when conditions 
favor the formation of many small anodes and 
cathodes on the surface of the boiler metal. As 
corrosion proceeds, the anodes and cathodes 
constantly change position. Thus, there is a gen- 
eral loss of metal over the entire surface. Low 
alkalinity or low pH allows this type of general 
corrosion to proceed unchecked. 

When alkalinity is high, strong caustic con- 
centrations develop in the hottest parts of the 
boiler. These caustic concentrations dissolve 
the protective oxide layer from the surface of 
the boiler metal and thus permit continuous 
chemical reaction to occur between the metal 
and the boiler water. General corrosion may 
also occur if the chloride content of the boiler 
water is too high. 

CARRYOVER 

Failure to control the quality of boiler water 
often results in carryover. Under some circum- 
stances, very small particles of moisture (al- 
most like a fine mist) are carried over with the 
steam. Under other circumstances, large gulps 
or slugs of water are carried over. The term 
PRIMING is generally used to describe the 
carryover of large quantities of water. 

Both kinds of carryover are dangerous and 
both can cause severe damage to superheaters, 
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steam lines, turbines, and valves. Whatever 
moisture or water is carried over carries with 
it the solid matter that is dissolved or sus- 
pended in the water. This solid matter tends to 
be deposited on turbine blades and in super- 
heater tubes, steam lines, and valves. Priming, 
or the carryover of large slugs of water, is 
especially dangerous because it can do severe 
damage to machinery. For example, priming can 
actually rip turbine blades from their wheels. 

One cause of carryover is foaming of the 
boiler water. Foaming occurs when the water 
contains too much dissolved or suspended mat- 
ter. The solids tend to stabilize the bubbles so 
that the bubbles pile up instead of bursting. If a 
great deal of solid matter is present in the boiler 
water, a considerable amount of foam will pile 
up. Under these conditions, carryover is almost 
sure to occur. 

THEORY OF BOILER WATER TREATMENT 

As we have seen, the contaminating sub- 
stances present in boiler water tend to cause 
waterside deposits, waterside corrosion, and 
carryover. The most direct methods of con- 
trolling these problems are (1) chemical treat- 
ment of the boiler water, and (2) use of blow- 
down. 

CHEMICAL TREATMENT 

At the present time there are three author- 
ized methods of chemical treatment for boiler 
water on steam-driven surface ships. Each 
method is designed to completely eliminate 
hardness and to maintain the alkalinity or pH of 
the boiler water within the prescribed limits. 

The three types of chemical water treatment 
now in use are (1) standard Navy boiler com- 
pound treatment, (2) low phosphate treatment, 
and (3) special high phosphate treatment for ships 
that have diatomite feed water filters. 

STANDARD NAVY BOILER COMPOUND 
TREATMENT is used on most ships that have 
boilers operating at about 600 psi or less. Navy 
boiler compound is a balanced combination of 
chemicals (disodium phosphate, sodium carbon- 
ate or soda ash, and cornstarch) designed to 
counteract the impurities derived from sea 
water. The amount of compound that is added to 
maintain the proper alkalinity should simultan- 



eously ensure zero hardness, if proper feed 
water is used. 

The amount of Navy boiler compound that 
must be added to boiler water depends upon (1) 
the capacity of the boiler and steaming level, 
and (2) the condition of the boiler water, as 
shown by the water tests. When these two factors 
are known, the calculation of dosage may be 
made from charts specially designed for this 
purpose. These charts are described and illus- 
trated in Boilerman 3_ & 2, NavPers 10535-E. 

LOW PHOSPHATE TREATMENT is now 
used on all ships that have 1200-psi boilers. 
The chemicals used in the low phosphate treat- 
ment give independent control of pH (instead of 
alkalinity) and phosphate (instead of hardness). 
Two chemicals are used i n the low phosphate 
treatment. Sodium hydroxide, better known as 
caustic soda or lye, is used to control the pH of 
the boiler water. Disodium phosphate reacts with 
various substances in the boiler water that 
would otherwise cause hardness. The boiler 
water is thus maintained at zero hardness when 
disodium phosphate is present in the prescribed 
amount. 

The caustic soda and the disodium phosphate 
are added separately, as required. When water 
tests indicate that the pH value needs to be 
raised, caustic soda is added. When water tests 
show that the phosphate content needs to be 
raised, disodium phosphate is added. The proce- 
dures for calculating the amount of chemicals 
needed to bring the boiler water to the proper 
values are described in Boilerman 3 & 2, Nav- 
Pers 10535-E. 

A SPECIAL HIGH PHOSPHATE TREAT- 
MENT is used for the boiler water on certain 
LSDs. These ships have reciprocating steam 
engines instead of steam turbines. The recipro- 
cating steam engines introduce a certain amount 
of oil into the feed system, thus requiring the use 
of diatomite filters to remove the oil before the 
wator enters the boiler. Some of the minerals in 
the diatomite filter aids are dissolved in the feed 
water as the feed water passes through the filter. 
The presence of these minerals causes the water 
to become extremely hard, and thus disturbs the 
usual balance between hardness and alkalinity 
that is found in sea water distillate. 

Treatment of the boiler water with Navy 
boiler compound is not effective in these boilers. 
If enough boiler compound is used to completely 
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eliminate hardness, the boiler water will have an 
extremely high alkalinity. If the alkalinity is 
maintained within proper limits, the boiler 
water will be hard. Therefore, hardness and 
alkalinity must be controlled separately in 
these boilers. Caustic soda is used to increase 
alkalinity; disodium phosphate is used to re- 
duce hardness without significantly increasing 
alkalinity; and cornstarch is used to aid in the 
removal of sludges. The caustic soda and the 
disodium phosphate are added separately, as 
the water tests indicate the need. Cornstarch 
is added whenever disodium phosphate is added. 
The procedures for calculating the amount of 
chemicals needed to treat boiler water with the 
special high phosphate treatment are discussed 
in Boilerman 3 & 2, NavPers 10535-E. 

USE OF BLOWDOWN 

Chemical treatment of boiler water in- 
creases, rather than decreases, the need for 
blowdown. The chemical treatment counteracts 
the effects of many of the impurities present in 
the boiler water; but at the same time it in- 
creases the total amount of solid matter in the 
water and thus increases the need for blowdown. 

The conductivity test is now used as the 
basic guide for the need for blowdown. It should 
be remembered, however, that the conductivity 
test indicates only the amount of ionized dis- 
solved solids in the water; it does NOT indicate 
the presence of such corrosion products as iron 
oxide sludges. Therefore, some blowdown is re- 
quired even when the conductivity is low. 



At the present time, it is required that each 
boiler be given a daily 10-percent surface blow. 
It is expected that this much surface blowdown 
will keep the chloride and other dissolved solids 
under control. If it does not, additional surface 
blows must be given to keep the chloride and the 
conductivity below the prescribed limits. In 
addition to the surface blows, each boiler should 
be given a bottom blow every 48 hours, if pos- 
sible, to remove the solids that have settled in 
the lower parts of the boiler. Bottom blows are 
most effective when they are given about 1 hour 
after the boiler has been secured. 

CAUTION: Division wall headers, water 
wall headers, water screen headers, and water 
drums that are connected to headers by floor 
tubes must NEVER be blown down while the 
boiler is steaming or while any burner is in 
operation. 

WATER TREATMENT LOGS 

The water king is responsible for maintain- 
ing the Boiler Water Treatment Log and the 
Feedwater Log on his own ship. The Boiler- 
maker may be responsible for checking the logs 
to determine if the tests and treatment are in 
accordance with NavShips Technical Manual , 
Chapter 9560. These logs, if properly filled in 
and maintained in accordance with current in- 
structions, are a valuable record of the tests 
made on boiler water, of the treatment given to 
boiler water, and of the tests made on feed 
water. These logs are discussed and illustrated 
in chapter 19 of this training manual. 
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ENGINEERING RECORDS AND REPORTS 



As a Boilermaker, you should have a 
thorough knowledge of all shipboard records and 
reports that deal with boilers and of certain 
other engineering department records and re- 
ports. This chapter deals only with the records 
and reports that you may be required to main- 
tain and use. The special records and reports 
used in connection with the 3-M System are dis- 
cussed in chapter 3 of this training manual. 

ENGINEERING LOG 

The Engineering Log, NavShips 117, is 
shown in figure 19-1. This form, together with 
its continuation sheet (NavShips 117A), is a com- 
plete daily record, by watches, of important 
events and data pertaining to the engineering 
department and to the operation of the ship's 
propulsion plant. The log must show the average 
hourly rpm for all shafts; the speed in knots; 
the total engine miles steamed for the day; all 
major speed changes; draft and displacement 
upon getting underway and anchoring; fuel, water, 
and lubricating oil on hand, received, and ex- 
pended; the disposition of the engines, boilers, 
and principal auxiliaries, and any changes in 
their disposition; any injuries to engineering 
department personnel; any casualties to engi- 
neering department machinery, equipment, or 
material; and such other matters as may be 
specified by competent authority. 

Entries must be made in the Engineering 
Log in accordance with instructions given on 
the log sheet itself, in Navy Regulations , in the 
Naval Ships Technical Manual, and in directives 
issued by the type commander. Each entry must 
be a complete statement and must employ 
standard phraseology. The original log, pre- 
pared neatly and legibly, constitutes a legal 



record. No erasures are permitted. When it is 
considered necessary to correct the Engineer- 
ing Log, a single line is drawn through the mis- 
taken entry in such a way that the original entry 
remains legible; the correct entry is then in- 
serted in such a way as to ensure its clarity and 
legibility. Corrections, additions, or changes are 
made only by the person required to sign the log 
for the watch and are initialed by him on the 
margin of the page. 

The engineer officer verifies the accuracy 
and completeness of all entries and signs each 
sheet of the log in the space provided. The com- 
manding officer approves the log and signs it on 
the last day of each month and on the day he re- 
linquishes command. Completed pages of the log 
are numbered consecutively, beginning with the 
first day of each calendar year and going through 
the last day of the calendar year. 

Completed sheets of the Engineering Log 
must be retained on board for a period of 3 
years after the date of the last entry. The log is 
a legal record and must be produced upon de- 
mand from a Navy Court or Board or from the 
Navy Department. If it is necessary to remove 
any part of the log from the ship, a photostatic 
copy of the material to be removed should be 
prepared for the ship's files and certified as a 
true copy by the engineer officer. 

ENGINEER'S BELL BOOK 



The Engineer's Bell Book, NavShips 116, is 
shown in figure 19-2. The Bell Book is a record 
of all bells, signals, and other orders received by 
the throttleman regarding the movement of the 
ship's propellers. The Bell Book, like the 
Engineering Log, is a legal record. 
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INSTRUCTIONS 

The Engineering Log may be written with pencil or pen, as nost convenient. 
The ORIGINAL writing is the LEGAL RECORD end must be preserved. It is not 
necessary to stake • copy except when one or store pages ere sent sway from a 
ship in oosaission. 

Table I and the REMARKS auist be written at the tine events occur. Other tables 
nay be written before noon the following date. 

REMARKS shall be written by "watches" underway: and by "day's duty" at anchor. 
They shall be signed by the Engineer Officer of the Watch or Day before going off 
duty. 

Reaarks shall be a chronicle of important events. They shall include; First, 
boilers in use: second, engine combination in use: third, major speed changes, 
such as 'one-third,* "standard,* "full"; fourth, casualties to personnel or mate- 
rial within or under the cognizance of the engineer department; fifth, special 
entries required by Navy Regulations, Bureau of Ships' Manual, Instructions and 
letters of the Bureau of Ships. 

ALTERATIONS OR ERASURES ARE NOT PERMITTED. NECESSARY CORRECTIONS SHALL BE MADE 
ONLY IN THE MANNER PRESCRIBED BY ART. 1036 NAVY REGULATIONS. 

DISPOSITION 

For disposal of this record see current records disposal instructions for 
vessels of . the U. S. Navy. 
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Figure 19-1. -Engineering Log. 
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Figure 19-2. -Engineer's Bell Book. 
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Entries are made in the Bell Book by the 
throttleman or by his assistant as soon as an 
order is received. Entries are usually made by 
an assistant when the ship is entering or leaving 
port or when it is engaged in other maneuvering 
which is likely to involve numerous or rapid 
speed changes and which requires the throttle- 
man's full and undivided attention. 

A separate Bell Book sheet is used for each 
shaft each day, except where more than one 
shaft is controlled by the same throttle station. 
When more than one shaft is controlled by the 
same station, one Bell Book sheet isusedto re- 
cord the orders for all shafts controlled by the 
station. All sheets for the same date are filed 
together as a single record. 

Entries in the Bell Book include the time of 
receipt of the order; the order received; the 
number of revolutions corresponding to the 
major speed changes ordered; and the shaft 
revolution counter reading at the time of the 
speed change. Special instructions are furnished 
for making entries in the Bell Book on ships 
that have controllable pitch propellers. 

Before going off watch, the engineering of- 
ficer of the watch signs the Bell Book in the line 
following the last entry for his watch and the 
next officer of the watch continues the record 
immediately thereafter. In machinery spaces 
where an engineering officer of the watch is not 
stationed, the Bell Book is signed by the watch 
supervisor. 

Alterations or erasures are not permitted 
in the Bell Book. An incorrect entry is corrected 
by drawing a single line through the entry and 
recording the correct entry on the following line. 
Deleted entries are initialed by the engineering 
officer of the watch, the OOD, or the watch 
supervisor, as appropriate. 

If it is necessary to remove any part of the 
Bell Book from the ship, a photostatic copy of 
the material to be removed should be prepared 
for the ship's files and certified as a true copy 
by the engineer officer. 

MONTHLY SUMMARY 

The Monthly Summary of Fuel Inventory and 
Steaming Hours Report, NavShips 3540/1, is 
shown in figure 19-3. The purpose of this report 
is to provide the Naval Ship Systems Command 
with a monthly summary of information on the 
ship's fuel inventory, the ship's fuel consump- 



tion, and on the steaming hours. This report 
contains all data as of 2400 of the last day of the 
previous month and shall be forwarded within 
five (5) days of completion of the reporting 
period. This report consists of one original copy 
and three carbon copies. The original copy is 
sent to the Naval Ship Systems Command, one 
carbon copy to the type commander, one carbon 
copy to the squadron commander or division 
commander, as appropriate, and the last carbon 
copy is filed aboard ship. 

This summary provides current and cum- 
ulative data necessary for determining budget 
and fleet logistic requirements and operational 
performance. Most engineer officers prefer to 
compile the necessary data for this summary on 
a daily basis rather than to wait for the end of 
the month to make computations from the various 
operating records. As a petty officer in the 
engineering department, you may be required to 
compile data for the monthly summary. 

BOILER ROOM OPERATING RECORD 

The Boiler Room Operating Record, Nav- 
Ships 3651, is usually referred to as the "fire- 
room log." This form isusedto maintain a com- 
plete daily record of each steaming fireroom. 
Operating information on all steaming boilers is 
entered on one side of the form; operating in- 
formation on all fireroom auxiliary machinery is 
entered on the other side. Entries are checked for 
accuracy by the senior petty officer of B division. 
The B division officer also checks and initials the 
record. The engineer officer checks the entries 
and approves the record by signing it in the space 
provided for his signature. 



BOILER WATER TREATMENT LOGS 

The Boiler Water Treatment Logs shown in 
figures 19-4, 19-5, and 19-6 are used to record 
boiler water tests and treatment. These logs are 
listed below by name and where they are used: 

1. Boiler Water Treatment Log - Navy 
Boiler Compound, NavShips 9560/1, for ships 
with 600 psi boilers and below. 

2. Boiler Water Treatment Log - High 
Phosphate Treatment, NavShips 9560/2, for 
ships with diatomite feedwater filters. 
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Figure 19- 3. -Monthly Summary of Fuel Inventory and Steaming Hours Report. 
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Figure 19-4.-Boiler Water Treatment Log-Navy Boiler Compound. 
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Figure 19-5.-Boiler Water Treatment Log-High Phosphate Treatment. 
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Figure 19-6. -Boiler Water Treatment Log-Low Phosphate Treatment. 
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3. Boiler Water Treatment Log - Low 
Phosphate Treatment, NavShips 9560/3, for 
ships with 1200 psi boilers. 

The Feedwater Log, NavShips 9560/4, shown 
in figure 19-7, is used for feedwater tests on all 
ships with propulsion and auxiliary boilers. The 
Feedwater Log, along with one of the previous 
logs listed, is used on each ship to record the 
tests of feedwater and tests and treatment of 
boiler water. Figures 19-6 and 19-7 illustrate 
the proper method for entering data to the logs. 

Specific instructions for entering data in 
these logs are given in the Boiler Water/Feed- 
water Test and Treatment Course (certification 
course). 

BOILER TUBE RENEWAL SHEETS 

Boiler Tube Renewal Sheets, often called 
Boiler Tube Data Sheets, should be used to keep 
a record of defective tubes and of renewed tubes. 
Boiler Tube Renewal Sheets are available for 
most boilers now in naval use. Figure 19-8 il- 
lustrates this form for a Babcock & Wilcox 
double -furnace boiler; figure 19-9 shows the 
form for a Foster Wheeler single-furnace 
boiler. If Boiler Tube Renewal Sheets are not 
available for a particular boiler, similar forms 
can be prepared from the boiler plans. 

BOILER TUBE CASUALTY REPORT 

The form shown in figure 19-10 is a stand- 
ard form to be used when reporting failed or re- 
placed boiler pressure parts. The form, together 
with any required samples of deposits, tubes, 
and boiler water, shouldbe forwarded in accord- 
ance with current instructions issued by the 
Naval Ship Systems Command. 

It is essential that standard terminology be 
used in filling out the Boiler Tube Casualty Re- 
port. Chapter 16 of this training manual includes 
information on the classification and identifica- 
tion of tube damage and gives the standard 
terminology to be used in connection with tube 
damage. The standard terminology must be used 
on the form in order to provide meaningful in- 
formation on the nature and causes of the dam- 
age. If you have trouble determining the exact 
type of damage, remember that (1) the term 
RUPTURE should be used for all openings as- 



sociated with tube enlargement; (2) the term 
PERFORATION should be used only for openings 
other than cracks which are not associated with 
tube enlargement; and (3) the term CRACK should 
be used for longitudinal or circumferential 
separation where there is no appreciable tube 
enlargement. 

If it is necessary to submit samples in con- 
nection with boiler pressure part damage, follow 
the current instructions issued by the Naval Ship 
Systems Command. Here are a few tips on the 
submission of samples: 

1. Samples of damaged pressure parts 
must be obtained as nearly as possible in their 
original form. A complete tube section contain- 
ing a representative example of the metal dam- 
age makes a good sample. 

2. Tubes sent as samples may be cut into 
convenient lengths for shipping, but they must be 
CLEARLY MARKED for reassembly. Oil should 
NOT be used for cutting a tube that is to be sub- 
mitted as a sample. Sample tubes must be cut 
very carefully so that the damaged area will not 
be cut, burned, or otherwise disfigured. 

3. A poorly labeled sample is practically 
worthless. Tube sections should be markedwith 
paint to show the side toward the furnace, the 
steam drum end, the relationship of each section 
to the other sections of the tube, the boiler num- 
ber, the name of the ship, and any other neces- 
sary information. The marking must not cover 
or contaminate the damaged area. Tube samples 
must NOT be submitted with paper tags tied onto 
them; when paper tags are used, they generally 
become lost or disfigured long before the sample 
arrives at its destination. Metal tags that are 
wired on are better than paper tags, but the best 
way to mark the samples is to give the required 
information directly on the samples. 

4. The best way to submit a sample of a tube 
deposit is usually to submit a section of the tube 
with the deposit still in place. If for some reason 
this cannot be done, the deposit sample shouldbe 
separated from the metal with a sharp instrument 
that is capable of taking the entire thickness of 
the deposit, down to the sound metal. As a last 
resort, deposit samples may be obtained by scrap- 
ing or brushing; however, samples taken in this 
way are so broken up and frequently so contami- 
nated with other material that it is generally very 
difficult to obtain useful information from them. 
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Figure 19-7.-Feedwater Log. 
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Figure 19-9.-Boiler Tube Renewal Sheet for a Foster Wheeler single-furnace boiler. 



Chapter 19-ENGINEERING RECORDS AND REPORTS 



I 



ALTERATH 



RATIONS 

3*S CMfT IQN 



NOTES 

l WHEN KEFEftRMO TO TJKt M WW — | OH fEPORTS iCCNTlf Y 
TURES AS FOLLOWS < 

GCNCPUTINO TURM — QlVt LETTER Of NOW AWO NUMMft Of TUM 
COUNTffO FROM 'AONT TO RCA* Of iOlLE* 

SUPCNHEATCR TUtCS — «Vt NUftASCft Of LOOT * NO MUMtCR or mtc 
COUNTNO MOM tOTTOM TO TOP 

5 IOC W«o_L TUSCS dVt NAM! Of TUM AMD NUMRCN Of TUIC 

COUNT** F*OM 'RON* TO NEAP Of IOILCR 

ECO*0*MZF« rLf UEMT OtVf Lf TTf * AMD NUMSCR Of TUM AS 

INDICATED ON CROSS SECTIONAL VIEW Of fCONOMIZEA 



e 



e 



ill 

>eeooooQooo 



REFERENCE 


:s 




DCSCNlPTlOM 


rw PLAN NO. 


mmwt plan no 




AMANttMCMT OF KHA* ft 0OW*C0ft«R TUtXS 


7 7 T • 57 0 • Jl 






AMUMCCMCM- OF WftTfJI MILS 


TTT-JTOIT 






ASRAitsxamr or rconowxtn 


7TMT0U 






MMHHMtin or MWMTW 


TT)|T-9 «I 






tuk BcmncATMN outturn 


TTT »T 0 - 14 





(J) »* J 



• OMIT rmaT*VAlLA«Lf MmsmMIATIOII or THW (MAW IN* 



tuizttiinuttnmtiiuttiin 




rnom or do-lch 




BUREAU OF SHIPS 



ECONOMIZE* SECTION LOOKIN*. 
TOWARD WAR WALL 



BOLE* TUBE RENEWAL SHEET 
FOR 

FOSTER WHCCLER SINGLE FURNACE , 
INTEGRAL SUPERHEATER BOILER 
WITH SINGLE UPTAKE 



2O0 ! 2002016 



98.169.2 

Figure 19-9.— Boiler Tube Renewal Sheet for a Foster Wheeler single- furnace boiler— Continued. 
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BOILER TUBE CASUALTY REPORT 
4ND-SHIPYARD-9510/2 



INSTRUCTIONS - Check or fill in at applicable. A separate report should be filled out fa each circuit, 
for each type of failure noted. Derangements of a particular circuit (warpage, sagging marriages, 
blisters, etc.) which accompany but do not constitute a complete failure (rupture, perforation, crack, 
etc. ) may be described under REMARKS on last page. Forward report to NAVAL BOILER AND TURBINE 
LABORATORY, PH&ANAVSHIPYD, Philadelphia 12, Pa. When failed tube is forwarded for analysis, 
forward adjacent tube 

A. SHIP: USS BOILER NO. DATE 

BOILER MANUFACTURER: 

BOILER SERVICE: MAIN PROPULSIO N AUXILIARY 

TYPE: M A~ , "IT . "M" HEADER , OTHER 

SUPERHEATER: CONTROLLED UNCONTROLLED NONE 

MFRS. INSTRUCTION BOOK, NAVSHIPS NO._ 

BOILER NAME PLATE DATA: 

DESIGN PRESSURE , TEMPERATURE 

OPERATING PRESSURE , TEMPERATURE 

DATE FABRICATED , ADDITIONAL NAMEPLATE DATA: 

TYPE OF MAIN PROPULSION: STEAM: TURBIN E . RECIPROCATING . DIESEL 

OTHER 



B. DATE OF FAILUR E . COMPONENT (CIRCUIT) 

TYPE OF FAILURE: RUPTURE : THIN -LIPPE D T HICK-LIPPED 

CRACK ; LONGITUDINAL TRANSVERSE . PERFORATION . 

PITTING : FIRESIDE CORROSION WATERSIDE CORROSION . 

OTHER (Describe under REMARKS • Refer to BSTM Chapter 51 Appendix "A") 

FAILED TUBE NO. (S) 

TUBE IDENTIFICATION ACCORDING TO: 

TUBE PLAN IN MFRS. INSTRUCTION BOOK: TUBE IDENTIFICATION SHEET 

OTHER (DESCRIBE) 



WATERSIDE DEPOSITS FIRESIDE DEPOSITS 
THICKNESS OF DEPOSITS! W/S F/S 



INDICATIONS OF WATERSIDE: OIL , FOREIGN OBJECTS 



LOCATION OF FAILURE FROM: 

FURNACE FLOOR (Water Wall Tubes) FT. IN. 

STEAM DRUM (Generating Bank Tubes -EX PRESS TYPE) FT. IN. 

FRONT HEADER (Generating Bank Tubes- HEADER TYPE) FT. IN. 

SUPERHEATER HEADER: INLET OUTLET OF __(PASS NO. ) FT. IN. 

ECONOMIZER HEADER: INLET OUTLET FT. IN. 

ORIENTATION OF FAILURE: TOWARD FURNACE AWAY FROM FURNACE 



E. OPERATING CONDITIONS AT TIME OF DISCOVERY OF FAILURE: 

I STEAM RATE <% FULL POWER) 

BOILER LOAD: INCREASING DECREASING STEADY 

SPRAYER PLATE SIZE(S) IN USE 

NUMBER AND LOCATION OF jflBBKH Ihl US E 
0 LIGHTING OFF SECURING BOILER IDLE 



IH UNDER HYDROSTATIC TEST AT PSIG 




98.170 

Figure 19-10.-Boiler Tube Casualty Report. 
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F. IF RUPTURE OCCURRED: ACTION TAKEN IMMEDIATELY AFTER DISCOVERY 
(DESCRIBE) 



TOTAL STEAM HOURS ON FAILED TUBE(S): SINCE INSTALLATION 

ON WATERSIDES: SINCE LAST CHEMICAL CLEANING 

SINCE LAST MECHANICAL CLEANIN G" 
ON FIRESIDES SINCE LAST CLEANING 

METHOD OF BOILER WATER TREATMENT: 

NAVY BOILER COMPOUND (600 PSIG AND LOWER J 

LOW PHOSPHATE - SPLIT (1200 PSIG BOILERS) _ 

HIGH PHOSPHATE - SPUT (SYSTEMS WITH DIATOMITE FILTERS) 

OTHE R 

IS BOILER ON EXTENDED WATERSIDES CLEANING INTERVAL PROGRAM? 

FAILED TUBE(S): PLUGGED RENEWED DATE 

IF RENEWED: INSTALLING ACTIVITY; SHIP'S FORCE 

SHIPYARD (NAME) , TENDER (NAME) 

REPLACEMENT TUBE(S) OF IN. MINIMUM WALL THICKNESS 

SAMPLES FORWARDED FOR ANALYSIS: DATE TUBE NO. (S) 



G. REMARKS: f ADDITIONAL INFORMATION. SUSPECTED CAUSE OF FAILURE, ENCLOSURES, ETC.) 



98.170.1 

Figure 19 -10. -Boiler Tube Casualty Report-Continued. 



5. Deposit samples should be forwarded in 
clean bottles or cans. The container should be 
permanently marked with all the required identi- 
fying information. 

6. A 1-gallon sample of boiler water, taken 
while the boiler is being emptied or just before 
it is emptied, should be submitted with samples 
of waterside deposits. The bottle in which the 
boiler water sample is submitted should be en- 
tirely clean before the sample is collected. The 
bottle should be filled almost (but not quite) to 
the top; it must be tightly stoppered; and it must 



be clearly labeled with all identifying information, 
including information on recent water tests and 
water treatment. 

7. When samples are submitted for anal- 
ysis, they should be accompanied by an explana- 
tory letter. The letter should include information 
on the circumstances under which the failure oc- 
curred, the cause of the failure (if known), the 
firing rate at the time, the number of steaming 
hours since the last waterside cleaning, and any 
other pertinent information. 
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CHAPTER 20 



AUTOMATIC BOILER CONTROL SYSTEMS 



There are three main types of automatic 
boiler control systems: electric, hydraulic, and 
pneumatic. For shipboard use, the pneumatic 
type has marked advantages and is, in fact, al- 
most the only type now used on naval ships. 

A pneumatic control system depends upon 
compressed air for its operation. Compressed 
air is used as the controlling or balancing force 
for the operation of the many pneumatic compo- 
nents of the system and, at a higher pressure, as 
the source of power to operate some or all of the 
final control elements. In some older systems 
the main compressed air supply is obtained from 
the ship's service compressed air system at ap- 
proximately 100-120 psi and then reduced to the 
pressure required for the operation of the boiler 
controls. On newer ships, a separate combustion 
control air system is installed to supply com- 
pressed air for the boiler controls. A com- 
bustion control air system consists of an air 
compressor, an air receiver, and the tubing re- 
quired to supply air to all units of the boiler 
control system. The air compressor for this sys- 
tem is usually installed in the fireroom. 

A pneumatic boiler control system consists 
of many units which develop, transmit, and re- 
ceive pneumatic "messages" or signals in the 
form of variable air pressures. The pneumatic 
units are interconnected by copper tubing. The 
actual mechanisms which develop, transmit, and 
receive pneumatic signals differ from one manu- 
facturer to another. At this point just remember 
that a typical pneumatic unit in a boiler control 
system operates by receiving one or more 
pneumatic pressures from one or more sources 
(frequently from other pneumatic units), altering 
or combining the pressure or pressures, and 
then sending a new pneumatic pressure to an- 
other pneumatic unit. 



The basic function of a boiler combustion 
control system is to maintain the fuel oil input 
and the combustion air input to the boiler in ac- 
cordance with the demand for steam. A related 
function is to proportion the amount of com- 
bustion air to the amount of fuel oil in such a 
way as to provide maximum combustion effi- 
ciency. The function ofafeedwater control sys- 
tem is to supply just the right amount of feed- 
water under all conditions of operation. In all 
modern installations, the feed water control sys- 
tem is related in some way to the combustion 
control system. 

The basic principles of automatic control 
apply to all types of boiler control systems. 
However, any boiler control system is a good 
deal more complicated than the simple control 
systems we have studied so far, mainly because 
there are more variables to be measured and 
controlled. Because boiler control systems are 
relatively complex, you may at first have some 
trouble applying the basic concepts to an un- 
familiar boiler control system. Here are some 
guidelines that may be helpful: 

1. Remember that any boiler control sys- 
tem functions as a whole rather than as a series 
of isolated events. Don't get so involved in the 
separate units or in the separate events that you 
lose sight of the overall functioning of the sys- 
tem. 

2. As soon as possible, find out what var- 
iables are being measured and controlled or 
manipulated. Get a clear picture of the basic 
control relationships before you try to figure out 
how the hardware works. 

3. Look for closed control loops. When you 
can trace out closed loops of measurement, com- 
parison, computation, and correction on a boiler 
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control diagram, you are well on your way to un- 
derstanding the system. 

4. After you have acquired an overall view 
of the system, study the individual components 
carefully. Find out what each unit contributes to 
the system, why it is needed, and how it works. 
Find out what devices or arrangements are used 
to perform the basic functions of measurement, 
comparison, computation, and correction. In 
general, you will find that: 

a. The primary element of the measur- 
ing means is installed at the point where the var- 
iable is measured. 

b. Transmitters include a part of the 
measuring means and the device or arrangement 
that compares the measured value of the variable 
with the desired value. Transmitters also in- 
clude a device or arrangement that computes the 
amount of correction required. 

c. Various kinds of relays that come af- 
ter the transmitters may alter the computation 
made by the transmitter. 

d. The controlling means usually con- 
sists of a control drive (motor operator) and a 
final control element. 



5. Remember that boiler control systems 
installed on naval ships differ in a number of 
ways. It is not safe to assume that any two sys- 
tems are identical, even if they are made by the 
same manufacturer. Consult the manufacturer's 
technical manual for detailed information on any 
particular system. 

AUTOMATIC COMBUSTION 
CONTROL SYSTEMS 

All boiler control systems have the same 
basic function, and all must perform the same 
basic operation of measurement, comparison, 
computation, and correction. But, boiler control 
systems differ in various ways. For example, 
you may find systems that measure different 
variables, have different control relationship, 
use different basic mechanisms for the devel- 
opment and transmission of pneumatic signals, 
alter or combine signals in different ways, and 
use different supply, loading, and control pres- 
sures. You will also find that units of one sys- 
tem do not always correspond with the same 
units in another system, even though all func- 



tions and operation of the system as a whole 
correspond. 

The three kinds of boiler control systems 
that are at present most widely used on naval 
ships are made by Bailey, General Regulator, 
and Hagan. All three kinds of systems are 
pneumatic, although they may have an occasional 
electric or electronic component. The General 
Regulator Systems are quite similar to the 
Bailey systems in some ways, and in fact they 
may even use some Bailey components; however, 
some General Regulator components are not at 
all like the Bailey units. The components used in 
the Hagan systems operate on quite different 
principles than the comparable units in either 
the Bailey or the General Regulator systems. 

It should be noted again that no two systems 
are identical in all details, even when they are 
manufactured by the same company. For ex- 
ample, figures 20-1 and 20-2 show two com- 
bustion control systems which are somewhat 
different. Figure 20-1 shows a system for the 
CVA 59 and 60 class ships and figure 20-2 shows 
a system for the DLG 29, 30, and the 33 class 
ships. The system shown in figure 20- 2 is used in 
this chapter for descriptive and illustrative pur- 
poses. 

COMPONENTS OF A COMBUSTION 
CONTROL SYSTEM 

In order for you to understand the operation 
of any control system it is necessary for you to 
know the function of each component in the sys- 
tem and how it is connected to control the 
boilers. Each component in a combustion control 
system has some specific function; it is arranged 
and interconnected with other components to 
produce an integrated system which will monitor 
and control the flow of air andfuelto the boilers, 
producing steam according to load demand with 
the optimum efficiency and least amount of dis- 
turbance in the combustion process, by main- 
taining the boiler steam header pressure at the 
desired constant pressure. 

Steam Header Pressure Controller 

Each Steam Header Pressure Controller 
(Master Sender) senses superheater outlet pres- 
sure of the respective boiler, or boilers, and 
generates a proportional plus reset pneumatic 
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Figure 20-1. -Combustion Control System for CVA-59 and 60 Class Ships. 
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Figure 20-2.- Combustion Control System for DLG-29, 30, 33 Class Ships. 
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signal which will cause the boilers to operate at 
the rates required to maintain the desired steam 
header pressure. A description of the propor- 
tional plus reset action of the controller follows. 

When the steam pressure changes from the 
set point, the initial change in the controller out- 
put signal is proportional to the amount of the 
deviation. Feedback of the adjusted output signal 
causes an additional change in the output signal 
which is proportional to both the amount of devia- 
tion and the length of time it exists. Thus, as long 



as the pressure measured is not at the set point, 
the output signal generated will change and con- 
tinue to change in the proper direction and to the 
extent necessary to cause the steam header pres- 
sure to be returned to the set point. The signal 
generated will then remain at this value as long 
as the steam produced by the boilers is equal to 
the steam required and the steam pressure is at 
the set point. The Steam Header Pressure Con- 
troller shown in figure 20-3 is a Hagen Model 
53N Master Sender as used in the installation il- 
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Figure 20-3.-Steam Header Pressure Controller (Master Sender). 
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lustrated in figure 20-2. This unit is a forced 
balance device in which forces generated by a 
steam bellows,- a proportional band bellows ele- 
ment, a reset bellows element, and a loading 
spring are applied to a beam with a fulcrum and 
a pneumatic escapement pilot valve. The pneu- 
matic escapement pilot valve generates an output 
signal in response to changes in steam header 
pressure to establish a balance of forces on the 
beam and to obtain the response necessary for 
the control of fuel and air inputs to the boiler 
furnaces. 

Low Pressure Selector 

The Low Pressure Selector (Low Signal 
Selector) is a Hagen Model 58N Ratio Totalizer 
as shown in figure 20-4 using only chambers 1 
and 2. The output from Boiler B (fig. 20-2) 
Steam Header Pressure Controller is applied to 
chamber 1 as the air supply. The output from 
Boiler A Steam Header Pressure Controller is 
applied to chamber 2. The Low Pressure Selec- 
tor will select the lowest signal from the Boiler 
Steam Header Pressure Controllers and send 
this signal out to the High Pressure Selector. As 
long as the signal pressure from the Boiler B 
Steam Header Pressure Controller exceeds the 
signal from the Boiler A Steam Header Pressure 
ControUer acting in chamber 2, the selector will 
send out a signal equal to the signal received 
from Boiler A Steam Header Pressure Con- 
troller. Should the signal from the Boiler A 
Steam Header Pressure Controller exceed the 
signal from the Boiler B Steam Header Pressure 
Controller, the supply port of the microlock valve 
will be open wide attempting to establish an out- 
put pressure equal to the Boiler A Steam Header 
Pressure Controller output pressure. The Boiler 
B Steam Header Pressure Controller output 
pressure applied to chamber 1 will then become 
the output signal from the Low Pressure Selec- 
tor. 

High Pressure Selector 

The High Pressure Selector (High Signal Se- 
lector), figure 20-4, is a 4-chamber totalizer. 
The signal from the Low Pressure Selector is 
connected to chamber 3 of the High Pressure 
Selector and acts to produce a counterclock- 
wise rotation of the beam. The signal from 



Boiler A Steam Header Pressure Controller 
acts in chamber 2, while the signal from Boiler 
B Steam Header Pressure Controller acts in 
chamber 4. Each of these two signals tends to 
produce a clockwise rotation of the beam of the 
High Pressure Selector. One of the Boiler Steam 
Header Pressure Controller signals (the lower 
one) will be cancelled out by the Low Pressure 
Selector signal acting in chamber 3. Then the 
higher of the two Steam Header Pressure Con- 
troller signals is repeated at the output chamber 
of the High Pressure Selector. 

Inverting Amplifier 

The Inverting Amplifier (Inverting Relay) 
is a 4-chamber Totalizing Amplifier (Totalizing 
Relay), as shown in figure 20-4, with a spring 
mounted at chamber 3, to which the input signal 
is applied from the High Pressure Selector. The 
spring is adjusted to equal a maximum signal 
force so that the output signal is at minimum 
when a maximum input signal is applied. As the 
input signal decreases, the upward force of the 
spring increases. This increasing force is bal- 
anced by increasing pressure at the output cham- 
ber. With proper adjustment of the spring and the 
fulcrum, the output signal is inverse of the in- 
coming signal. This output signal is the boiler 
load demand signal which is applied to each of 
the identical boiler control systems when in full 
automatic operation. 

Boiler Automatic/Manual Selector Station 

The Boiler Automatic/Manual Selector Sta- 
tion (Compensating Relay Station) is considered 
as a unit on the control console board. This sta- 
tion, as shown in figure 20-5, contains a four - 
way transfer valve, a Bias Amplifier (Relay 
Sender), and two gages. When looking atthe sta- 
tion in figure 20-5, the top gage shows the input 
loading pressure (automatic signal) from the In- 
verting Amplifier. The bottom gage shows the 
loading pressure (manual signal) leaving the Bias 
Amplifier (Relay Sender). The Bias Amplifier 
(Relay Sender) is located under the bottom gage 
and the transfer valve is located at the bottom of 
the unit. 

With the transfer valve in the MANUAL or 
AUTOMATIC position, the loading pressure from 
the bias amplifier passes through the transfer 
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Figure 20- 5. -Automatic /Manual Selector Station. 



valve to the output loading pressure line. When 
the station is in AUTOMATIC operation, the in- 
coming loading pressure and the outgoing pres- 
sure are equal, as the incoming loading pres- 
sure is connected through the transfer valve to 
the body of the bias amplifier and the loading 
pressure from the bias amplifier is connected, 
through separate ports in the transfer valve, to 
the outgoing loading pressure line. 



When the station is in MANUAL operation, 
the input to the bias amplifier from the trans- 
fer valve is blocked off and the output from 
the bias amplifier is passed directly back 
through the transfer valve to the outgoing 
loading pressure line. The boiler header pres- 
sure is now being controlled manually by 
adjusting the handwheel of the bias ampli- 
fier. 



BOILERMAKER 1 & C 



The bias amplifier can also be used to add 
or subtract bias while the station is in automatic 
operation and this is called "BIAS AUTOMATIC 
operation. 

Windbox Air Flow Transmitter 

The Windbox Air Flow Transmitter, as 
shown in figure 20-6, functions to convert the 
pressure differential across the windbox to' the 
furnace, which is created by the flow of air 
through the burner registers, into an air flow 
signal which is proportional to the square root 
of the differential. The high pressure in the 
windbox is applied to the top of the measuring 
diaphragm and the low pressure in the furnace 
is applied to the bottom of the measuring dia- 
phragm. The difference in pressure across the 
windbox to the furnace multiplied by the area of 
the measuring diaphragm is applied to the beam. 
The beam, which tends to move counterclockwise, 
is resisted by a loading spring and a positioning 
diaphragm which establishes the feedback force 
that is transmitted through a cam lever and 
spring to the beam. The cam is shaped so that 
this pressure is proportional to the square root 
of the applied pressure differential. This output 
pressure that is generated by the escapement 
valve is proportional to the air flow across the 
windbox to the furnace and sent out to the Fuel- 
Air Ratio Signal Generator. 

Fuel-Air Ratio Signal Generator 

The Fuel-Air Ratio Signal Generator is a 
2-chamber, 2-diaphragm unit, as shown in figure 
20-7, which generates an output signal that is at 
a particular ratio to the input signal. The ratio 
depends upon the position of the fulcrum which 
can be adjusted by a handwheel from the console 
board. A poppet valve, with its exhaust seat at- 
tached to the beam, is built into the output 
chamber. The poppet valve generates a signal 
pressure which is a direct ratio of the input sig- 
nal applied to the chamber at the opposite end of 
the beam. The downward thrust of the input dia- 
phragm on the beam is opposed by the downward 
thrust of the output signal on the other diaphragm. 
The bottom of the beam rests on a ball bearing 
which is mounted in a carriage that slides on the 
base. The carriage is movedby turning the screw 
with the handwheel that is mounted on the console 



board. The mechanical indicator is also driven 
by a chain connected to the screw by a spocket 
wheel. 

To increase fuel flow in relation to air flow, 
the handwheel must be turned to the right. To 
cut back fuel in relation to air flow, the hand- 
wheel must be turned to the left. In normal 
cruising operation, the fuel to air ratio setting 
will not require adjustments as the boiler load 
changes from one extreme to another. A dif- 
ferent fuel to air ratio is required for in port, 
overload, or some other abnormal operation. 

The signal from the Fuel-Air Ratio Signal 
Generator is applied simultaneously to the Air 
Flow Controller, Air Flow Rate Relay, and the 
Selector Relay. 

Air Flow Controller 

The Air Flow Controller is a 4 -cham- 
ber totalizer as shown in figure 20-4. The 
signal from the Boiler Automatic /Manual Se- 
lector Station is applied to chamber 2 which 
represents the demand for air flow. The 
signal from the Fuel- Air Ratio Signal Gen- 
erator is applied to chamber 3 representing 
actual total air flow across the windbox to 
the furnace. The output signal from cham- 
ber 1 of the Air Flow Controller is the sig- 
nal which controls the air flow to the boiler. 
This output signal is fed back through a needle 
valve and a volume tank to chamber 4 to 
provide proportional plus reset response char- 
acteristics in the controller. 

Under steady load conditions and at any 
boiler steaming rate, the output signal is 
matched by the feedback signal in chamber 4, 
and the set point (air demand) signal in chamber 
2 is matched by the air flow signal in chamber 
3. If these signals do not match, the signal in 
chamber 1 will start to change in the proper 
direction needed to restore balance and it will 
continue to change until balance has been re- 
stored in chambers 2 and 3. Now, the feedback 
pressure in chamber 4 will again match the out- 
put pressure at chamber L. To obtain the de- 
sired proportional band, the fulcrum must be 
set; to obtain the desired reset rate, the needle 
valve must be set. The extent of the initial 
change in output signal depends on the fulcrum 
setting. 
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Figure 2 0-7. -Fuel- Air Ratio Signal Generator. 

Air Flow Rate Relay 



The Air Flow Rate Relay is a 4-chamber 
Ratio Totalizer as shown in figure 20-4. The 
output signal from the Air Flow Controller is 
applied to chamber 4 of the Air Flow Rate Relay 
which repeats the signal as the output signal un- 
der steady steaming conditions. The air flow 
signal from the Fuel-Air Ratio Signal Generator 
is applied directly to chamber 3 and through a 
needle valve .and volume tank to chamber 2 of the 
Air Flow Rate Relay to introduce rate response 
to the control system. 

Under steady steaming conditions, the pres- 
sure in chambers 2 and 3 will be equal and there 
will be no effect on output of the relay, but during 
boiler load changes the output signal will change 
by an amount dependent on the fulcrum setting 
and the rate of change of the air flow signal. 
This temporary change will exist until the pres- 
sure in chamber 2 becomes equal to that in 
chamber 3 again. The time required for cham- 
bers 2 and 3 to become equal depends upon the 
needle valve setting. 

The air flow signal in chamber 3 acts in op- 
position to the air demand signal in chamber 4 



and, therefore, modifies the output of the Air 
Flow Rate Relay. The air flow signal in chamber 
2, after a time delay which is determinedby the 
setting of the needle valve, balances out the sig- 
nal in chamber 3 and restores the output signal 
in chamber 4. The function of this type of relay 
is to prevent excessive acceleration or deceler- 
ation of the forced draft blowers by temporarily 
trimming down the air demand signal. 



Forced Draft Blower Automatic /Manual 
Selector Stations 

The name just identifies the application of 
each station, otherwise the Forced Draft Blower 
Automatic/Manual Selector Stations are the 
same as the Boiler Automatic /Manual Selector 
Station. The operation of the boiler station is 
discussed earlier in the chapter. 

The output signal from the Forced Draft 
Blower Automatic /Manual Selector Station goes 
to the Forced Draft Blower Turbine Valve Op- 
erators to control the speed of the blowers. 
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Signal Selector Relay 

The Signal Selector Relay, figure 20-8, is a 
4 -chamber relay. A Boiler Load Signal from the 
Boiler Automatic/Manual Selector Station is ap- 
plied to chamber 4. An Air Flow Signal from the 
Fuel-Air Ratio Generator is applied to chamber 



3. The Signal Selector Relay selects the lower 
of the two signals for use as the fuel demand 
signal. This selection ensures that the air flow 
always exceeds oil flow, thus eliminating the 
tendency to smoke during rapid load changes. 



CHAMBER * 3 CHAMBER *4 




104.32 

Figure 20-8.-Signal Selector Relay. 
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The Boiler Load Signal applied to chamber 
4 is repeated by chamber 1. The Air Flow Signal 
applied to chamber 3 is repeated by chamber 2, 
which is the output chamber of the relay. 
Chamber 1 is the supply source for chamber 2. 
As long as the air flow signal is the lowest sig- 
nal, chamber 2 will repeat this signal as the fuel 
demand signal, but if the boiler load signal is 
the lowest signal then chamber 1 will repeat this 
signal and send it to chamber 2 as supply, and 
chamber 2 will send it out as the fuel demand 
signal, thus the output of the Signal Selector Re- 
lay will always be the lowest of the two input 
signals when these signals are out of balance due 
to load changes. 



Fuel Oil Valve Manual/Automatic 
Selector Station 

The Manual/Automatic Selector Station 
(Manual/ Automatic Control Station) is considered 
as a unit on the console board. This station, as 
shown in figure 20-9, contains a 2-way Transfer 
Valve, a Bias Amplifier (Relay Sender), and two 
gages. When looking at the station in figure 20- 9, 
the top gage shows the input automatic signal. 
The bottom gage shows the output signal from 
the Bias Amplifier (Relay Sender). The Bias 
Amplifier (Relay Sender) is located under the 
bottom gage and the Transfer Valve is located 
at the bottom of the unit. 




SIGNAL 

104.33 

Figure 20- 9.-Manual/ Automatic Selector Station. 
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The output signal from the Signal Selector 
Relay is the automatic signal to the Manual/ 
Automatic Selector Station and this signal is 
shown on the Automatic Signal Indicator (top 
gage). 

When the Manual/Automatic Selector Station 
is set for AUTOMATIC operation, the loading 
pressure from the Signal Selector Relay passes 
directly through the Transfer Valve to the Con- 
trol Valve, When the station is set for MANUAL 
control, the loading pressure from the Signal 
Selector Relay is interrupted at the Transfer 
Valve, and a substitute loading pressure for the 
operation of the Control Valve is established 
through manual adjustment of the handwheel of 
the Bias Amplifier (Relay Sender). The value of 
this loading pressure is shown on the Manual 
Signal Indicator (bottom gage). 

Characterizing Relays 

The output pressure from the Manual/ 
Automatic Selector Station goes to the Character- 
izing Relays. Both Fuel Oil Valve Character- 
izing Relays are Variable Ratio Totalizers as 
shown in figure 20-4. The input signal to the 
Characterizing Relays are applied to chamber 2 
of both Relays. The only difference in the two re- 
lays is a Loading Spring fitted to chamber 2 of 
No. 1 Relay. The output pressure from No. 1 Re- 
lay goes to chamber 4 of No. 2 Relay. The output 
pressure from No. 2 Relay goes to chamber 3 of 
No. 2 Relay and to the Return Fuel Oil Valve. 

To maintain efficient combustion, the fuel 
oil flow to the burners must be regulated so that 
it is proportional to the air flow supplied to the 
burners. In this system, the signal generated by 
the Windbox Air Flow Transmitter is propor- 
tional to actual combustion air flow and repre- 
sents the oil flow demand signal. If the Windbox 
Air Flow Transmitter output signal were applied 
directly to the Oil Valve, it would act to regulate 
a proportional return oil pressure. Since the oil 
flow varies in relation to the return oil pressure, 
due to the characteristics of the burners, the oil 
flow would not be proportional to air flow under 
this condition. Therefore, it is necessary to 
convert the output signal of the Windbox Air 
Flow Transmitter from an oil flow demand sig- 
nal to a return oil pressure demand signal. This 
is done by the actions of the Characterizing Re- 



lays. The Characterizing Relays as hookedupin 
the control system are shown in figure 20-10. 

As an example of how the Characterizing 
Relays characterize the oil demand signal to a 
return oil pressure demand signal is shown in 
the accompanying chart. It should be NOTED 
that the values shown on this chart are approx- 
imate and must NOT be considered accurate for 
any particular control system. Always consult 
the manufacturer's technical manual for infor- 
mation because each control system varies in 
operation. (See chart on page 392.) 

Air Lock Valves 

Air Lock Valves serve as safety devices in 
the combustion control system. In the event of 
control air failure the air lock valves will block 
off the air signal to the fuel oil valves and the 
Forced Draft Blower Turbine Valve Operators, 
holding them in the position they were in when 
air failure occurred. Air Lock Valves are dis- 
cussed later in this chapter in connection with 
the complete Air Lock System. 

Fuel Oil Return Control Valve 

The Fuel Oil Return Control Valve is a force 
balance type as shown in figure 20-11. The valve 
consists essentially of a cupped diaphragm at- 
tached to a post which pushes against a valve 
piston. The diaphragm receives an input control 
signal from the No. 2 Characterizing Relay, 




FROM MANUAL/AUTO 
SELECTOR STATION 



104.34 

Figure 20-10.— Characterizing Relays as 
hooked up in the Control System 
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TYPICAL FUEL CONTROL SYSTEM CHARACTERIZATION CHART 



BOILER 
LOAD FM 


AIR FLOW 
TRANSMITTER 

OUTPUT 
SIGNAL (psig) 


SIGNAL 
RECEIVED 
BY THE 
CHARACTERIZING 
RELAYS (psig) 


CHARACTERIZING 
RELAY OUTPUT 
SIGNAL (psig) 


RETURN 
OIL 
PRESSURE 
(Psig) 


Minimum 


0 


0 


0 


62.5 


10 


5 


5 


1.65 


85 


20 


10 


10 


3.65 


112 


40 


20 


20 


5.68 


140 


60 


30 


30 


7.33 


162.5 


80 


40 


40 


11.00 


212.5 


100 


50 


50 


17.8 


305 



which varies between the minimum and the maxi- 
mum, exerting a force downward through the 
post. This exerting force is the input signal (con- 
trol pressure) which is applied to the top of the 
diaphragm. 

Fuel oil enters the valve body at the inlet 
connection and flows through ports in the valve 
sleeve. The control pressure acting on the dia- 
phragm and the post moves the valve piston 
downward, changing the flow of fuel oil through 
the valve. This causes the fuel oil pressure to 
build up in the line between the control valve 
and the burner, and this oil pressure exerts an 
upward force on the valve piston, in opposition 
to the downward force of the diaphragm. The 
downward force of the fuel oil pressure on the 
valve piston is eliminated by bleeding fuel oil 
through the piston into a barrel below. 

When the upward force of the fuel oil pres- 
sure acting upon the area of the valve piston 
equals the downward force of the input control 
signal acting upon the area of the diaphragm, 
the valve piston stops moving. Thus the flow of 
fuel oil through the valve is controlled, thereby 
controlling the fuel oil pressure at the burner 
and keeping this pressure at a value which cor- 
responds to the input control signal. 

An increase in the control signal moves 
the valve piston downward, further changing the 
flow of fuel oil and causing the oil pressure at 
the burner to increase to the value correspond- 
ing to the increased control signal. If the con- 
trol signal is reduced, the fuel oil pressure at 



the burner is reduced to the value correspond- 
ing to the new control signal. 

Forced Draft Blower Turbine 
Valve Operators 

The Forced Draft Blower Turbine Valve 
Operator (Receiving Regulator), as shown in 
figure 20-12, is a double acting piston type 
power unit. Supply air pressure moves the pis- 
ton crosshead to a definite position for each 
control signal imposed on the receiving dia- 
phragm. 

When there is no signal pressure applied 
to the pilot valve assembly receiving diaphragm, 
the spring force pushing up on the diaphragm 
causes the pilot stem to open the ports in the 
pilot valve sleeve so that the supply air pressure 
is admitted to the cylinder above the piston. At 
the same time, the air below the piston is ex- 
hausted through the pilot valve to the atmosphere. 
The piston is then forced down to the bottom 
position (minimum position). The piston is held 
in this position until there is an increase of sig- 
nal pressure to the diaphragm. 

As the input signal pressure increases, the 
diaphragm is pushed downward against the 
spring. The spring is mounted in a cup, to which 
linkage is attached. This linkage rides on a com- 
pensator bar that is attached to the top of the 
crosshead side bar at a right angle. The angle 
of the compensator bar determines the move- 
ment of the piston, which will continue to move 
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until the compensator bar, through linkage, ap- 
plies compression to the spring that is equal to 
the downward force of the input signal pressure 
on the diaphragm. When these two forces are 
equal, the pilot valve will be in a neutral posi- 
tion and the movement of the valve will then be 
stopped, until another change in the input signal 
pressure occurs. 



INPUT CONTROL 
PRESSURE CONNECTION 



COMBUSTION CONTROL SYSTEM PER- 
FORMANCE 

When the boiler load is steady and the 
superheater outlet pressure is at the set point 
of 1200 psig, the combustion air and fuel oil 
input to the boiler are sufficient for the boiler 
to generate enough steam to satisfy the boiler 
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Figure 20- 11. -Fuel Oil Return Control Valve. 
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demand. The output signals generated by the 
Steam Header Pressure Controllers will re- 
main at some value between minimum and max- 
imum, and the combustion air to the boilers will 
remain constant because the speed of the forced 
draft blowers is not changing, while the flow of 
fuel through the burners is held steady by the 
burner oil return valve. 

Increasing Load Conditions 

When the boiler load increases, the super- 
heater outlet pressure begins to drop. This 
change in pressure is sensed by the two Steam 
Header Pressure Controllers, which begin to 
generate a decreasing output signal to the Low 
Pressure Selector and the High Pressure Selec- 
tor. The output signal from the High Pressure 



Selector goes to the inverting amplifier, where 
the decreasing signal is inverted to an increas- 
ing signal. The increasing output signal from the 
inverting amplifier goes to the Boiler Automatic/ 
Manual Selector Stations, where the signal is 
repeated and sent out to the Air Flow Controller. 
An increase in boiler load signal causes the Air 
Flow Controller to generate an increased output 
signal that is proportional to the difference be- 
tween the boiler load demand and the actual air 
flow signal. This increased proportional signal 
is transmitted through the Air Flow Rate Relay, 
and the Forced Draft Blower Automatic/Manual 
Selector Station to the Forced Draft Blower 
Turbine Valve Operators. This causes the blow- 
ers to speed up and increases the combustion 
air flow. As the air flow increases, the signal 
received by the Air Flow Rate Relay increases 
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Figure 20-12.— Turbine Valve Operator. 
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rapidly. The Air Flow Rate Relay then acts to 
cut back on the Air Flow Controller signal to 
prevent it from increasing too fast. The Air 
Flow Controller signal then gradually changes 
until the air flow is at the proper value for the 
new boiler load. At the same time that the sig- 
nal from the Air Flow Controller is increasing, 
the output signal from the Windbox Air Flow 
Transmitter is increasing proportionally as the 
air flow increases and is adjusted by the Fuel- 
Air Ratio Signal Generator for the desired fuel- 
to -air ratio. The increasing signal from the 
Fuel-Air Ratio Signal Generator is then sent to 
the Signal Selector Relay. The Signal Selector 
Relay also receives a boiler load demand signal. 
The lower of the two signals is selected by the 
Signal Selector Relay. As the adjusted air flow 
signal is lower than the boiler load signal, the 
air flow signal is transmitted through the Fuel 
Oil Valve Manual/Automatic Selector Station to 
the Characterizing Relays, which "Characterize" 
(or Shape) the signal so that it follows theburn- 
ner operating characteristics. The increased 
characterized signal is then transmitted through 
the Air Lock Valve to the diaphragm chamber 
of the Fuel Oil Return Control Valve, where the 
signal acts to close the valve so that the oil flow 
through it is reduced. This causes an increase 
in the burner oil pressure and the oil flow 
through the burners. 

Combustion air and fuel flow to the boilers 
will continue to increase until the superheater 
outlet pressure of the "lead" boiler is returned 
to the set point (1200 psig). 

Decreasing Load Conditions 

When the superheater outlet pressures of 
the boilers increase, the two Steam Header 
Pressure Controllers begin to generate an in- 
creasing signal. The higher of the two Steam 
Header Pressure Controller signals is selected 
by the Low and High Pressure Selector and this 
increasing signal is then inverted by the Invert- 
ing Amplifier to a decreasing signal. This de- 
creasing signal is sent through the Boiler Auto- 
matic/Manual Selector Stations to the Air Flow 
Controllers. The decrease in the boiler load sig- 
nals causes the Air Flow Controller to generate a 
decreasing signal which is transmitted through 
the Air Rate Relays and the Forced Draft Blower 
Automatic/Manual Selector Stations to the Forced 
Draft Blowers Turbine Steam Valve Operators. 



This action causes the blowers to slow down and 
decrease the combustion air flow to the boilers. 
As the combustion air flow decreases, the air 
flow signal, received by the Air Flow Rate Re- 
lay from the Fuel-Air Ratio Signal Generator, 
decreases rapidly. The Air Flow Rate Relay 
biases the Air Flow Controller signal so that it 
does not decrease too fast. The controller sig- 
nal then gradually changes until the air flow is 
at the proper value for the new boiler load. As 
the signal from the Air Flow Controller de- 
creases, the air flow signal generated by the 
Windbox Air Flow Transmitter decreases pro- 
portionally as the air flow decreases. The de- 
creasing signal is adjusted for the desired fuel- 
to-air ratio by the Fuel- Air Ratio Signal Gener- 
ator and is transmitted to the Air Flow Control- 
ler and to the Signal Selector Relay. Because the 
adjusted air flow signal is greater than the boiler 
load signal at this time, the Signal Selector Re- 
lay selects the boiler load signal and transmits 
it through the Fuel Oil Valve Manual/Automatic 
Selector Station to the Characterizing Relays, 
where the signal is characterized so that it fol- 
lows the burner operating characteristics. The 
decreasing signal is then transmitted through 
the Pneumatic Transfer Valve to the Fuel Oil 
Return Control valve. This decreased signal 
acts to open the Fuel Oil Return Control Valve. 
This causes a decrease in the burner oil pres- 
sure and the oil flow through the burners to the 
furnace. Combustion air flow and fuel flow to 
the boiler will continue to decrease until the 
superheater outlet pressure of the boilers is 
returned to the set point (1200 psig). 

AUTOMATIC FEEDWATER 
REGULATOR SYSTEMS 

All Feedwater Regulator Systems have the 
same basic function: measurement, comparison, 
computation, and correction. This type system 
utilizes steam flow, water flow, and steam drum 
water level as the control elements. An inter- 
connected group of control components regulates 
the flow of feedwater to the boilers and main- 
tains a normal water level in the steam drums. 

The design of Feedwater Regulator Systems 
varies from one manufacturer to another. For 
this reason, the manufacturer's technical man- 
ual should be consulted for specific information 
on the Feedwater Regulator System for any par- 
ticular shin 
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COMPONENTS OF A TYPICAL FEED- 
WATER REGULATOR SYSTEM 

To understand the operation of any Feed- 
water Regulator System, it is necessary to know 
the function of the components and how they are 
connected to control the water level in the boiler 
steam drum. To aid you in acquiring this knowl- 



edge, a Hagen 3-Element Feedwater Regulator 
System, shown in figure 20-13, is described in 
this section. 

Flow Nozzles 

Sensing steam and water flow is based on 
the effect of a restriction (flow nozzle) placed 
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Figure 20-13. -3-Element Feedwater Regulator System. 



3QR 



Chapter 20- AUTOMATIC BOILER CONTROL SYSTEMS 



in the path of a fluid flowing under pressure 
through a pipe. Since the area of the nozzle is 
smaller than the area of the pipe, velocity of the 
fluid in the nozzle increases. Once through the 
nozzle, velocity of the fluid returns to its origi- 
nal velocity before entering the nozzle. As the 
fluid flows through the nozzle, some measure of 
the static pressure is converted to velocity. By 
measuring the static pressure upstream of the 
nozzle and at the throat of the nozzle, the pres- 
sure drop (also called differential pressure) 
across the nozzle can be determined. 

The differential pressure developed by the 
fluid flowing through the nozzle is proportional 
to the flow squared. Looking at it another way, 
the flow through the nozzle is proportional to 
the square root of the differential pressure. 

A Feedwater Flow Nozzle is located in the 
horizontal feedwater line upstream of the econo- 
mizer on each boiler. A Steam Flow Nozzle is 
located in the vertical run of the saturated steam 
pipe connecting the steam drum outlet with the 
superheater inlet. Upstream and downstream of 
each flow nozzle, connections are installed to 
sense the static pressure developed by the steam 
or the feedwater flowing through the nozzles. 
The upstream connection is designated as the 
high pressure connection while the downstream 
connection is referred to as the low pressure 
connection. The high pressure connection is in- 
stalled at the point of low velocity andhigh pres- 
sure. The low pressure connection is installed 
at the point of maximum velocity and low pres- 
sure. A Flow Nozzle showing the high and low 
pressure connections is illustrated in figure 
20-14. The piping which transmits the pressures 
from the upstream and downstream sides of the 
flow nozzles are called impulse lines. These 
impulse lines connect the flow nozzles to their 
respective flow transmitters as shown in figure 
20-13. 

Steam Flow And Feedwater 
Flow Transmitters 

The Hagan Flow Transmitters with No. 2 
element are designed to measure the flow of high 
pressure steam or fluids, and to establish a 
pneumatic loading pressure that is proportional 
to the rate of flow. 

The Steam Flow and the Feedwater Flow 
Transmitters are identical in construction and 
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Figure 20-14.-Flow Nozzle. 



operation. Figure 20-15 shows a Hagan Flow 
Transmitter with No. 2 element. This transmit- 
ter consists essentially of a metallic measuring 
bellows located in a pressure sealed chamber. 
The steam or fluid to be measured is connected 
to the transmitter through impulse lines. The 
high pressure impulse line is connected to the 
high pressure side (inside) of the measuring 
bellows and the low pressure impulse line is 
connected to the low pressure side (outside) of 
the measuring bellows. The difference in pres- 
sure between the high pressure side of the 
bellows and the low pressure side is called the 
pressure differential. 

The downward force of the pressure dif- 
ferential is transmitted by the measuring bel- 
lows assembly through the connecting beam and 
the sealing bellows, setting up a torque about 
the knife edge fulcrum tending to rotate the beam 
counterclockwise around the fulcrum point. 

An escapement type pilot valve is installed 
above the beam so that the slightest movement 
of the beam will position the pilot valve stem. 
Counterclockwise movement of the beam causes 
the pilot valve stem to close off the exhaust port 
and open the inlet port taking on supply air, in- 
creasing the output signal. This output signal is 
fed back to the positioning diaphragm, forcing 
the diaphragm inward against the diaphragm 
spring. The movement of the diaphragm is trans- 
mitted through a connecting rod to the cam bar. 
The cam bar face is shaped so that compensa- 
tion is made automatically for the square root 
relationship between the flow and pressure dif- 
ferential, and thus produces an output loading 
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signal directly proportional to the rate of flow. 
The movement of the cam bar forces the bell 
crank to move upward increasing the tension on 
the loading spring to balance the beam. When 
all the forces on the beam are equal, the output 
loading signal will remain constant. A decrease 
in the pressure differential will cause the beam 
to move in a clockwise manner and cause the 
transmitter to decrease the output loading signal. 

Drum Level Transmitter 

The Drum Level Transmitter (Hagan dif- 
ferential pressure transmitter with 9.6 element) 
as shown in figure 20-16 functions to measure 
the steam drum level by sensing the differential 
pressure imposed across the measuring bellows 
by two columns of water. One represents actual 
position of the water level in the steam drum and 
the other a reference pressure established by a 
constant head chamber connected to the steam 
drum. The Drum Level Transmitter establishes 
a pneumatic loading signal pressure that is 
proportional to the differential caused by varia- 
tions in the steam drum water level. 

The transmitter described here consists 
essentially of a metallic measuring bellows lo- 
cated in a pressure sealed chamber. The differ- 
ential to be measured is transmitted to the cham- 
ber at the high pressure and low pressure con- 
nections. Any difference in the pressure on op- 
posite sides of the bellows is termed the pres- 
sure differential. The downward force of the 
pressure differential is transmittedby the meas- 
uring bellows assembly to the connecting beam, 
through the sealing bellows setting up a torque 
about the knife edge fulcrum. This tends to ro- 
tate the beam counterclockwise around the ful- 
crum point. 

An Escapement Type Pilot Valve is located 
above the end of the beam so that the slightest 
movement will cause the pilot valve stem to be 
positioned to establish an output loading signal 
pressure at a value corresponding to the new 
position of the pilot valve stem. This output 
loading signal pressure from the pilot valve is 
fed back to the inside of the Positive Propor- 
tional Band Unit so as to create a counterforce 
against the beam in direct opposition to the meas- 
ured differential force. The signal is also fed 
back to the inside of the Negative Proportional 
Band Unit; this unit increases the operating 



range of the transmitter. The force exerted by 
the Negative Proportional Band Unit. is in the 
same direction as that exerted by the measuring 
bellows and in opposition to the Positive Pro- 
portional Band Unit. The counterclockwise mo- 
tion of the beam causes the pilot valve stem to 
close off the exhaust port and open the inlet port 
increasing the output loading signal pressure. 
This increasing loading signal pressure in the 
Negative Proportional Band Unit adds to the 
force exerted by the measuring bellows, while 
the increasing force in the Positive Proportional 
Band Unit opposes the sum of the forces pro- 
duced by the measuring bellows and the Negative 
Proportional Band Unit; thus, the opposing forces 
are in balance when the change in the value of 
the output loading signal pressure is proportional 
to the change in the measured differential. Any 
further change in either direction of the rfieas- 
ured differential will cause the transmitter to 
secure a new output loading signal pressure 
that is proportional to the new pressure dif- 
ferential. 

Steam Flow/Water Flow Totalizer 

The Steam Flow /Water Flow Totalizer is 
a 4-chamber ratio totalizer as previously dis- 
cussed in this chapter and shown in figure 20-4. 
This totalizer utilizes a set point spring at No. 3 
chamber. The signal from the Feedwater Flow 
Transmitter is also applied to No. 3 chamber. 
The signal from the Steam Flow Transmitter is 
applied to No. 2 chamber. Therefore, at steady 
boiler loads, when steam flow balances with 
feedwater flow, the output signal from chamber 
No. 1 will be equal to the set point spring setting 
(30 psig). 

When changes in boiler load occur, the steam 
flow signal instantaneously changes (increases 
on increasing loads and decreases on decreas- 
ing loads). The feedwater flow signal remains 
unchanged until the feedwater valve moves to a 
more open or closed position, changing the out- 
put signal from the Feedwater Flow Transmit- 
ter. As a result, the output signal of the Steam 
Flow /Water Flow Totalizer increases (on in- 
creasing loads) or decreases (on decreasing 
loads) in proportion to the difference between 
the water flow and steam flow input signals to 
the totalizer. 
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The output signal from the Steam Flow/ 
Water Flow Totalizer is transmitted to chamber 
No. 3 of the Feedwater Flow Controller and 
through a needle valve and volume tank to cham- 
ber No. 4 of the Level Totalizer. The Steam 
Flow /Water Flow Totalizer and the Level Total- 
izer, as connected in the system, are shown in 
figure 20-17. 

Level Totalizer 

The Level Totalizer is identical to the Steam 
Flow /Water Flow Totalizer as shown in figure 
20-15. The signal from the Water Level Trans- 
mitter is applied to chamber No. 3. The set 
point spring is set for Normal Water Level (30 
psig), which is attached to chamber No. 3. The 
signal from the Steam Flow /Water Flow Total- 
izer is applied through a needle valve and volume 
tank to chamber 4. Therefore, at steady steam- 
ing conditions (when the steam drum water level 
is at normal position) the Drum Level Trans- 
mitter signal to chamber No. 3 is equal to the 
set point (30 psig) and thus balances the signal 
from the Steam Flow /Water Flow Totalizer act- 
ing in chamber No. 4 of the Level Totalizer. 
Under this condition the output signal from cham- 
ber No. 1 of the Level Totalizer is equal to the 
set point spring (30 psig). 
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Figure 20-17.— Steam Flow/Water Flow 
Totalizer and Level Totalizer as 
connected in the System. 



When changes in boiler load occur, SWELL 
or SHRINK disturbs the water level in the steam 
drum. These level disturbances momentarily 
affect the level signal applied to chamber No. 3 
of the Level Totalizer so that the signal it gen- 
erates increases (when boiler load increases) 
and decreases (when boiler load decreases). The 
signal in chamber No. 4 does not change im- 
mediately because of the delaying action of the 
needle valve; as a result, the output signal of 
the Level Totalizer increases (on increased 
boiler loads) or decreases (on decreased boiler 
loads) in proportion to the deviation of the drum 
water level from the normal due to swell or 
shrink after load changes. After the initial stage 
of the boiler load change, the swell or shrink 
gradually subsides and the level signal applied 
to chamber No. 3 of the Level Totalizer then 
returns to 30 psig; this action tends to restore 
the output signal from chamber No. Ito30 psig. 
Meanwhile, the signal from the Steam Flow/ 
Water Flow Totalizer to chamber No. 4 of the 
Level Totalizer will begin to slowly change due 
to the time lag established by the needle valve 
installed in the line. When the drum water level 
returns to normal the signal from the level 
transmitter will equal the set point spring set- 
ting (30 psig) and the signal in chamber No. 4 
of the Level Totalizer. These two signals being 
equal will cancel each other out. Then the signal 
in chamber No. 4 of the Level Totalizer will be 
repeated and sent out to chamber No. 2 of the 
Feedwater Flow Controller. 

Feedwater Flow Controller 

The Feedwater Flow Controller is a 4- 
chamber Ratio Totalizer, which is considered 
a proportional plus reset controller. The pro- 
portional plus reset response may be explained 
by the following example and by looking at the 
illustrated drawing of the controller shown in 
figure 20-18. Assume originally that the pres- 
sure in chambers No. 2 and No. 3 are equal and 
the pressure in chambers No. 1 and No. 4 are 
equal. Under these conditions, the output signal 
from chamber No. 1 is at a constant value. If 
a change in the drum water level occurs, the 
level transmitter will generate a new signal. 
For example, if the drum level rises so that the 
output signal of the Level Totalizer increases, 
the signal to chamber No. 2 of the Feedwater 
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Figure 20-18.— Feedwater Flow Controller. 

Flow Controller will also increase. This in- 
crease in chamber No. 2 will disrupt the balance 
of forces on the controller so that a new output 
signal (increasing pressure) is generated by the 
controller. This output signal goes to the Feed- 
water Flow Control Valve and is also fed back 
through a needle valve and volume tank to cham- 
ber No. 4 of the controller. This increased sig- 
nal fed back to chamber No. 4 of the controller 
causes the output signal from chamber No. 1 to 
increase more than the initial change caused by 
the increased signal in chamber No. 2. This ac- 
tion will continue until the signals in chambers 
No. 2 and No. 3 are equal. The controller output 
signal could possible go to the maximum output 
value if the signal in chamber No. 2 stays 
greater than the signal applied to chamber No. 3. 
This increasing output signal acts through the 
Feedwater Flow Control Valve to change the 
feedwater flow to the steam drum and conse- 
quently changes the drum level; the signal acts 
through the level transmitter and Level Totalizer 
to bring the signal applied to chamber No. 2 into 
balance with the signal applied in chamber No. 3. 
The controller is now back in balance and the 
magnitude of the output signal generated by 
chamber No. 1 is now proportional to the steam 
flow signal. This output signal is sent to the 
Feedwater Flow Control Valve Manual/Auto- 
matic Selector Station, where the signal is 
passed directly through the station to position 
the Feedwater Control Valve in a balanced 
position. 



Feedwater Flow Control Valve 
Manual/Automatic Selector Station 

The Feedwater Control Valve Manual/ Auto- 
matic Selector Station is identical in construc- 
tion and operation as the Fuel Oil Valve Man- 
ual/Automatic Selector Station discussed earlier 
in this chapter. 

Feedwater Flow Control Valve 
Positioner 

The Feedwater Flow Control Valve Posi- 
tioner for this system is a Mason-Neiland force 
balance positioner as shown in figure 20-19. 
The primary function of the positioner is to en- 
sure that the positions of the control valve are 
directly proportional to the value of the signals 
received. The positioner uses an independent 
air supply and generates whatever diaphragm 
pressure is required to move the valve plug to 
the correct position. 

The operation of the positioner is based on 
the force balance principle. The signal received 
is applied to a bellows. The bellows tends to 
rotate the bell crank lever in a counterclockwise 
direction. The lower end of the bell crank lever 
moves away from the pilot valve; this action 
causes an increase output signal to be generated 
to the diaphragm of the control valve. The dis- 
placement of the control valve stem is fed back 
through the stem clamp rods, turn buckle, stroke 
lever, and spring lever to the force balance 
spring. This increases the spring tension ap- 
plied to the bell crank lever in such a way as 
to oppose the forces of the bellows. When these 
two factors are in balance, the system is in 
equilibrium with the pilot valve in stationary 
position. The output signal is now held constant 
to the control valve. 

Feedwater Flow Control Valve 

The Feedwater Flow Control Vavle is a 
Mason-Neiland Air-Operated Diaphragm Con- 
trol Valve as shown in figure 20-20. The power 
actuator consists of a diaphragm and a spring. 
The spring is set so that at minimum operating 
pressure the valve will be held in the open posi- 
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Figure 20-19.— Valve Positioner. 



tion. As air is supplied to the upper part of the 
diaphragm, the force produced is opposed by 
the spring which limits the actuator stroke or 
change in position of the valve plug for a given 
change in the air pressure supplied to the dia- 
phragm. With an increase in the signal to the 
diaphragm, the valve will start to close and, 
with a decrease in the signal, the valve will 
Start to open. A handwheel is provided so that 
the valve can be operated manually in the event 
of air failure or some other casualty to the 
valve. 

AUTOMATIC FEEDWATER REGULA- 
TOR SYSTEM PERFORMANCE 

When the system is under steady load con- 
ditions, the Steam Flow Transmitter generates 



a signal that is proportional to the steam flow. 
This steam flow signal is transmitted to cham- 
ber No. 2 of the Steam Flow /Water Flow Total- 
izer. At the same time, the Feedwater Flow 
Transmitter is generating a signal that is pro- 
portional to the feedwater flow. This feedwater 
flow signal is transmitted to chamber No. 3 
of the Steam Flow/Water Flow Totalizer. 
Under steady load conditions, these two signals 
transmitted to chambers No. 2 and No. 3 of the 
Steam Flow /Water Flow Totalizer are equal and 
the output signal of the totalizer will be equal 
to the set point spring tension (30 psig). The 
signal from the Steam Flow /Water Flow Total- 
izer is transmitted to chamber No. 3 of the 
Feedwater Flow Controller and through a needle 
valve and volume tank to chamber No. 4 of the 
Level Totalizer. At the same time the Level 
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Figure 20-20. — Feedwater Flow Control Valve. 



Transmitter is measuring the water level in the 
steam drum and transmitting a signal that is 
proportional to normal water level (30 psig). 
This water level signal is transmitted to cham- 
ber No. 3 of the Level Totalizer. The Level To- 
talizer is equipped with a set point spring set 
for normal water level (30 psig) and under steady 
state conditions the spring force applied to cham- 
ber No. 3 will balance the opposing signal applied 
to chamber No. 3 by the Level Transmitter, 
therefore, the Level Totalizer will generate an 
output signal equal to that applied to chamber 
No. 4 from the Steam Flow /Water Flow Total- 
izer. The output signal from the Level Totalizer 
is transmitted to chamber No. 2 of the Feed- 
water Flow Controller. With the two input sig- 
nals equal at chambers No. 2 and No. 3, the out- 
put signal generated by the Feedwater Flow 
Controller will remain constant at the value re- 



quired to position the Feedwater Flow Control 
Valve to maintain normal water level. 

Increasing Load Condition 

When the boiler load increases, the signal 
generated by the Steam Flow Transmitter im- 
mediately changes proportionately to steam flow. 
This signal change causes the Steam Flow /Water 
Flow Totalizer to generate a proportionately 
higher signal, which is transmitted to chamber 
No. 3 of the Feedwater Flow Controller, but is 
delayed in transmission to chamber No. 4 of the 
Level Totalizer by the needle valve and volume 
tank. Simultaneously the water level in the steam 
drum is disturbed by swell. This disturbance is 
sensed by the Water Level Transmitter which 
generates a lower signal. 

The Level Totalizer then generates a pro- 
portionately higher signal which is transmitted 
to chamber No. 2 of the Feedwater Flow Con- 
troller. The two input signals applied to cham- 
bers No. 2 and No. 3 of the Feedwater Flow Con- 
troller will both increase until they are approx- 
imately equal; therefore, there will be little 
change in the output signal of the Feedwater Flow 
Controller until the swell subsides. As the swell 
subsides, the water level in the steam drum falls 
to the normal level the signal generated by the 
Level Transmitter will increase. This causes 
the signal that is applied to chamber No. 2 of 
the Feedwater Flow Controller to decrease. 
Now, the signal at chamber No. 3 is greater 
than the signal at chamber No. 2 of the Feed- 
water Flow Controller, which in turn generates 
a decreasing signal to the Feedwater Flow Con- 
trol Valve Positioner. The positioner decreases 
the signal to the Feedwater Flow Control Valve, 
causing the valve to open allowing more water 
to flow to the boiler steam drum. This action 
will continue until both input signals to the Steam 
Flow /Water Flow Totalizer are equal or when 
both input signals to the Feedwater Flow Con- 
troller are equal (30 psig). When the Flow 
Controller input signals are equal, the water 
level in the boiler steam drum will be at 
normal and the output of the controller will 
then be at a value necessary to position the 
Feedwater Flow Control Valve so that the 
feedwater flow balances with the new steam 
flow. 
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Decreasing Load Condition 

When the boiler load decreases, the signal 
generated by the Steam Flow Transmitter de- 
creases, causing the signal generated by the 
Steam Flow /Water Totalizer to decrease. This 
decreasing signal is transmitted to chamber 
No. 3 of the Feedwater Flow Controller andwith 
a delay to the Level Totalizer. As the boiler load 
decreases, the level in the steam drum drops 
due to shrink. This drop in the boiler drum level 
is sensed by the Level Transmitter, which gen- 
erates an increasing signal. This increasing 
signal is transmitted to the Level Totalizer. The 
Level Totalizer then generates a lower signal 
causing the signal pressure in chamber No. 2 of 
the Feedwater Flow Controller to decrease. 
Therefore, after a decrease in boiler load, the 
signals applied to chambers No. 2 and No. 3 of 
the Feedwater Flow Controller both decrease 
until they are approximately equal. Because of 
this, there is very little change in the signal 
generated by the Feedwater Flow Controller until 
the shrink subsides. As the shrink subsides in 
the steam drum causing the water level to rise, 
the Level Transmitter will then generate a sig- 
nal which is lower than the signal generated dur- 
ing the time that the shrink occurred. This causes 
the Level Totalizer to generate a higher signal 
to chamber No. 2 of the Feedwater Flow Con- 
troller. Now the two input signals acting in 
chamber No. 2 and No. 3 of the Feedwater Flow 
Controller are unequal, causing the controller 
to generate an increasing signal. This signal 
will continue to increase because of the propor- 
tional plus reset characteristics of this control- 
ler. This increasing signal is transmitted to the 
Feedwater Flow Control Valve Positioner. The 
positioner then positions the Feedwater Flow 
Control Valve in a more closed position to re- 
duce the flow of feedwater to the boiler steam 
drum. This action will continue until the feed- 
water flow balances with steam flow and the 
water level returns to normal. At this time the 
input signal at chambers No. 2 and No. 3 of the 
Feedwater Flow Controller are equal and the 
output signal of the controller is then at a con- 
stant value to maintain normal water level in 
the boiler steam drum. 



AIR SUPPLY SYSTEM 

The Control Air Supply System is a very 
important part of the boiler control system. 
The air system supplies clean, dry air at proper 
pressure for operation of the pneumatic control 
components. The air supply system consists of 
air filters and air reducing valves. The filters 
keep the air moisture free and clear of any 
foreign particles of dirt. The reducing valves 
reduce the ship's control air pressure down from 
100 or 120 psig to 65 psig for use by the control 
system components. In some cases the control 
air supply is reduced down to 20 psig for use 
by certain components. 

AIR LOCK SYSTEM 

An Air Lock System is provided as shown 
in figure 20-21 for each fire room to lock the 
Forced Draft Blower Turbine Valve Operators, 
Fuel Oil Return Control Valves and the Feed- 
water Flow Control Valves in the position that 
they were when control air failure occurred. As 
a result, the steaming rate of the boiler will be 
held constant until the control air supply has 
been restored and the Air Lock System is reset 
for normal operation, or until the boilers are 
transferred to Local Manual Operation. 

The Air Lock System is set to trip at a 70 
psig pressure because when the air supply 
header pressure is above 70 psig, satisfactory 
operation of all control elements will be main- 
tained. The Air Lock System includes a Toggle 
Relay, an Airlock Spillover Valve, Air Lock 
Valves, and a 2-Way Air Lock Release Push- 
button Valve. 

The Toggle Relay is a 4 -chamber ratio to- 
talizer with a set point spring at chamber No. 2. 
The unregulated air supply is applied to cham- 
ber No. 1 as supply air pressure and to chamber 
No. 2 as an input signal to the Toggle Relay. The 
output signal from chamber No. 1 is fed back to 
chamber No. 4 and chamber No. 3 is open to the 
atmosphere. As long as the unregulated air sup- 
ply pressure stays above the trip point (70psig, 
the set point spring setting), the output pressure 
will tend to increase. As the output pressure in- 
creases, the pressure in chamber No. 4 also 
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Figure 20-21.— Air Lock System. 



increases until the poppet valve is wide open. 
With the poppet valve wide open, the relay output 
pressure will be equal to the supply pressure. 
In the event that the unregulated air pressure 
drops below the trip value (70 psig), the spring 
force will exceed the pressure force in chamber 
No. 2 of the relay causing the output pressure 
from chamber No. 1 to drop. This is turn, re- 
duces the pressure in chamber No. 4 and the 
output pressure then quickly drops to zero actu- 
ating the Air Lock Spillover Valve. 

The Air Lock Spillover Valve, figure 20-22, 
is a 3-way single cylinder operated valve, nor- 
mally closed in the open position exhausting to 
the atmosphere. There is one spillover valve 
installed for each fire room and is located at the 
midpoint of the air lock header. This location 
permits the most rapid exhaust action. The 
spillover valve is actuated when the pressure 



from the toggle relay drops to approximately 
45 psig; this shuts off the air supply and opens 
the exhaust port to the atmosphere. The Air 
Lock Header pressure will then escape through 
the spillover valve and fall to zero, causing each 
of the Air Lock Valves in the control system to 
close simultaneously. 

There are two types of Air Lock Valves. 
Figure 20-23 shows a 3-way diaphragm oper- 
ated pneumatic valve which is used to lock the 
Fuel Oil Return Control Valve in position. Fig- 
ure 20-24 shows a Mason-Neilan Air Lock 
Valve that is used for locking the Feedwater 
Flow Control Valve and the Forced Draft 
Blower Turbine Valve Operators in position. 
The 3-way diaphragm operated pneumatic 
valve has three connections-X, Y, and Z. 
Connection X is the incoming air signal and 
connection Z is the out going connection. Con- 
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Figure 20-22.— Air Lock Spillover Valve. 

nection Y is connected to a 2-Way Air Lock 
Release Pushbutton Valve (fig. 20- 25) that blocks 
off the escape of the control signal pres- 
sure to the atmosphere. The pushbutton valve 
is normally closed and opened only when it 
is necessary to operate the Fuel Oil Return 
Control Valve by the handwheel. 

With zero Air Lock Header pressure acting 
on the diaphragm of the 3-Way Diaphragm Oper- 
ated Valve, connection X is blocked off so that 
the Fuel Oil Return Control Valve is locked in 
the position it was in when the Air Lock Header 
Pressure fell to zero. Connection Z is open to 
connection Y to allow the control signal pres- 
sure to be released to the atmosphere by the 
pushbutton valve when it is necessary to operate 
the Fuel Oil Return Control Valve by the hand- 
wheel. 

With normal Air Lock Header pressure 
acting on the diaphragm of the 3 -Way Dia- 
phragm Operated Valve, connection X is opened 
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Figure 20-23.— 3-Way Diaphragm Operated 
Pneumatic Valve. 

to connection Z so there is a straight through 
flow of control signal pressure to the Fuel Oil 
Return Control Valve. Connection Y is blocked 
off by the valve stem. 

When Control Air fails, the Air Lock 
Header pressure will fall to zero; this causes 
the 3-Way Diaphragm Operated Valve to close 
connection X and open connection Z to connec- 
tion Y locking the Fuel Oil Return Control Valve 
in the same position as when control air failed. 

The Mason -Neilan Air Lock Valve is a 2- 
Way Diaphragm Operated Valve as shown in fig- 
ure 20-24. The Air Lock Header pressure is 
applied under the diaphragm which is opposed 
by a spring force above the diaphragm. With 
normal Air Lock Header pressure applied un- 
der the diaphragm, the Air Lock Valve will be 
held in the open position; this allows the control 
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signal pressure from the valve positioner to 
pass directly through the valve to the 3-Way Air 
Lock Pushbutton Vent Valve (fig. 20-26) and to 
the top of the diaphragm of the control valve. 
When Air Lock Header pressure fails (drops to 
zero) below the diaphragm of the Air Lock Valve, 
the spring force applied above the diaphragm will 
cause the valve to close; this action locks the 
control valve in the operating position that 
existed when air failure occurred. The 3 -Way 
Pushbutton Vent Valve allows the operation of 
the control valve by the handwheel. When the 3- 
Way Pushbutton Vent Valve is held open, the 
pressure applied to the diaphragm of the control 
valve is discharged to the atmosphere allowing 
unopposed operation of the control valve by the 
handwheel. 

The 2 -Way Air Lock Pushbutton Valve, fig- 
ure 20-25, is also used for resetting the Toggle 
Relay and the Air Lock Spillover Valve after 
failure of Control Air Pressure. This Air Lock 
Release Pushbutton Valve is located between the 
unregulated air supply to the Air Lock Header 
Indicator and the control air supply indicator for 
the Toggle Relay and the Air Lock Spillover Valve 
as shown in figure 20-21. 



After air failure has occurred, the boiler 
control system should be transferred to Local 
Manual Operation and the control system pre- 
pared for resumption of operation when the air 
supply is restored. When the air supply is re- 
stored (more than 70 psig on the Control Air 
Pressure Indicator), the knob on the 2-Way Air 
Lock Release Pushbutton Valve is pulled out and 
held until the Air Lock Pressure Indicator reads 
the same as the Control Air Pressure Indicator 
and the knob is then released. The Air Lock sys- 
tem is now reset and the boiler control system 
can be transferred back to automatic operation. 



BOILER CONTROL SYSTEM OPERATION 



There are three modes of operation of the 
Automatic Boiler Control System. After the 
boilers are lit-off manually in accordance with 
NavShips Technical Manual , chapter 9510 and the 
manufacturer's technical manual for that par- 
ticular type of boiler, the mode of operation can 
either be Local Manual or Remote Manual oper- 
ation. The Local Manual mode of operation 
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Figure 20-25.— 2- Way Air 
Lock Release Pushbutton Valve. 

should be used if the Combustion Control and the 
Feedwater Regulator System have been secured, 
when compressed air is not available, or when 
trouble shooting. The Remote Manual mode can 
be used continuously after the boiler has reached 
the operating pressure (1200 psig) on the Super- 
heater Pressure Gage. The Automatic mode of 
operation should be used whenever possible at all 
load conditions. Under Automatic Operation, the 
control system functions without human assist- 
ance. Specific instructions for the operation of 
the control system and for shifting the systems 
from one mode of operation to another is con- 
tained in the manufacturer's technical manual 
for that particular type of control system. 

BOILER CONTROL SYSTEM 
TROUBLE SHOOTING 

The first step in trouble shooting when mal- 
functioning of boiler operation occurs, is to check 
the operation of fuel oil service system, feed- 
water supply system, forced draft blowers, and 
the control air supply compressors. The second 
step is to ascertain that the sprayer plate (burner 
tips) is undamaged, clean and properly set with 
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Figure 20- 26.- 3- Way Air 
Lock Release Pushbutton Vent Valve. 

respect to the diffuser plates. If faults are found 
they should be properly remedied. 

Maladjustment and malfunctioning of any of 
the control system components impairs the per- 
formance of the control system. Rupture of any 
of the impulse or signal lines or damage to any 
of the components also renders the control sys- 
tem inoperative. 

When performance of a control system indi- 
cates malfunctioning or maladjustment of a com- 
ponent, the first step should be to pinpoint the 
responsible component with a minimum disloca- 
tion of the plant operation. This can be done as 
described in the following sections. 

COMBUSTION CONTROL SYSTEM 

First, transfer the boiler operation to Semi- 
automatic Remote Manual Operation and regu- 
late the firing rate by adjusting the Manual Signal 
Generator on the Boiler Master Automatic - 
Remote Manual Transfer and Operating Station. 
If performance improves, then the source of mal- 
functioning is upstream of the Boiler Master 
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Automatic -Manual Remote Manual Transfer and 
Operating Station. In such cases, continue this 
mode of remote manual operation, and check the 
calibration, adjustment and response of each 
component of the Pressure Sensing and Boiler 
Load Signal Selecting Group starting from the 
Steam Pressure Controllers, down to the Boiler 
Master Operating Station, Repair, replace or 
readjust, as may be necessary, the component or 
components causing the trouble. Then, return the 
system to Automatic Operation. 

However, if malfunctioning of the system is 
not eliminated by the above action, the cause of 
trouble may be in the Air Flow Controller or Air 
Flow Rate Relay. In such case, transfer boiler 
operation to Semiautomatic Single Loop opera- 
tion by means of the Blower Automatic -Remote 
Manual Transfer and Operating Stations. If sat- 
isfactory performance is obtained, then check 
repair and adjust as necessary the Air Flow 
Controller and Air Flow Rate Relay. Then, return 
the operation to Semiautomatic and see if the 
malfunctioning has been eliminated. 

If the trouble is not eliminated, the source of 
malfunctioning may be in the Windbox Air Flow 
Transmitter, Fuel-Air Ratio Signal Generator, 
Selector Relay, the Characterizing Relays, or 
Fuel Oil Return Control Valve. In this case, 
transfer to Remote Manual Operation in order to 
individually control air flow and fuel flow by 
means of respective Automatic -Remote Manual 
Transfer and Operating Stations. If operation 
shows that the malfunctioning persists, it will be 
necessary to transfer to Local Manual Operation. 
While on Local Manual Operation, check, repair, 
and adjust, as necessary, the following compo- 
nents: Fuel-Air Ratio Signal Generator, Selector 
Relay and two Characterizing Relays. After this 
is accomplished, return controls to Semi- 
automatic Operation by means of the Boiler 
Master Automatic -Remote Manual Transfer and 
Operating Station. If the malfunctioning persists, 
it will be necessary to either secure the boiler 
for check, repair and adjustment of the Windbox 
Air Flow Transmitter and the Fuel Oil Return 
Control Valve, or operate on Local Manualuntil 
securing of the boiler becomes possible. 

FEEDWATER REGULATOR SYSTEM 

The first step in trouble shooting is to 
transfer to Remote Manual Operation. If Remote 



Manual Operation shows that malfunctioning has 
disappeared, then the source of trouble is some- 
where upstream of the Feedwater Valve 
Automatic -Manual Transfer and Operating Sta- 
tion. In such case, continue Remote Manual Op- 
eration, blowdown the impulse lines of the three 
Transmitters, as necessary. After this is done, 
return the system to Automatic Operation. If 
trouble persists, again transfer the system to 
Remote Manual Operation and check, repair, 
and adjust as necessary, the Steam Flow Water 
Flow Totalizer, Level Totalizer, and Feed- 
water Flow Controller. Return the Control Sys- 
tem to Automatic Operation. 

If, in the first step, the Remote Manual Op- 
eration showed continued malfunctioning, the 
Feedwater Regulator System should be trans- 
ferred to Local Manual operator. The Valve 
Positioner and Valve should be checked, repaired 
and adjusted as necessary. The system then 
should be tested first on Remote Manual Oper- 
ation, then on Automatic Operation. 

When working on any equipment located in 
the vicinity of the Console, the field mounted 
control system components, the control signal 
lines, or the air supply lines, it is necessary to 
protect these items from accidental damage. 
For example, the accidential cutting of the air 
supply line has the effect of tripping the Air 
Lock Spillover Valve, and actuating the Air 
Lock System. The accidential cutting of the sig- 
nal line from the Level Transmitter to the 
Level Totalizer, causes the Feedwater Flow 
Control Valve to close. It should also be noted 
that before you attempt to trouble shoot any 
system you should always consult the manu- 
facturer's technical manual for that particular 
system; the manual will contain a trouble 
shooting table such as shown in Table 20-1. 
Note that the condition, indications, possible 
causes, and emergency procedures are given 
for fast, efficient trouble shooting of the control 
system. 

BOILER CONTROL SYSTEM MAINTENANCE, 
REPAIR, AND CALIBRATION 

To ensure trouble-free operation of the 
control system, it is important that the system 
be properly maintained and calibrated at all 
times. Maintenance and calibration should be 
conducted in accordance with the Planned Main- 
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Table 20-1.— Emergency Action Trouble Shooting. 



Emergency Condition Indications 



Possible Causes 



Emergency 
Procedures 



A. Loss of supply 
air pressure 



B. Reduced steam 
pressure with no 
correction 



1. Control air gage 
shows zero pres- 
sure. 

2. All relay station 
indicators fall to 
"zero". 

3. Airlock system 
is actuated Boilers 
operate at a rate 
existing prior to air 
lock. 



1. Drum pressure 
gage reading below 
set point. 

2. All panel mounted 
indicators fall to 
lower than normal 
indication. 

3. Forced draft 
blowers slow down. 

4. Burner oil pres- 
sure falls. 



1. Failure of Air 
Compressor. 

2. Damaged or 
plugged Control Air 
Supply System. 



1. Partial loss of 
control air supply 
pressure caused by: 

a. Failure of air 
compressor 

b. Damaged or 
plugged control 
air supply system 

2. Failure of fuel 
system. 

3. Failure of F.D. 
Blowers. 

4. Malfunctioning of 
a Steam Pressure 
controller. 

a. Changed pressure 
setpoint. 

b. Plugged steam 
pressure impulse 
line. 

c. Dirty escapement 
valve. 

d. Controller re- 
quires overhaul. 

5. Malfunctioning of 
the Low Signal Selec- 
tor, High Signal Se- 
lector, or Inverting 
Relay. 



L Place Combustion 
and Feedwater Con- 
trol Systems on 
Local Manual Oper- 
ation. 

2. Find and correct 
the cause of control 
air failure. 

3. Return all sys- 
tems to Remote 
Manual Operation. 

4. Return all sys- 
tems to Automatic 
Operation. 

1. Place Combustion 
and Feedwater Con- 
trol Systems on 
Local Manual Opera- 
tion. 

2. Find and correct 
the cause of control 
air, fuel system or 
F.D. Blower fail- 
ure. 

3. Return all Sys- 
tems to Remote 
Manual Operation. 

4. Place both boil- 
ers on Semi- Auto- 
matic Remote Man- 
ual Operation at the 
con esponding Boil- 
er Master Operating 
Stations. 

5. Blow down steam 
impulse lines to 
Controllers. 

6. Check operation 
and adjustment of 
the Steam Pressure 
Controllers. Recal- 
ibrate or overhaul 
if necessary. 
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Table 20-1.— Emergency Action Trouble Shooting— Continued. 



Emergency Condition Indications 
B. (cont'd.) 



C. Increased steam 
pressure with no 
correction. 



1, Superheater out- 
let steam pressure 
gage reading above 
the set point. 

2. All panel mounted 
indicators go to 
higher than normal 
indicators. 



Possible Causes 

a. Dirty poppet 

valve. 
6. Air flow control- 
ler. 



1. Malfunctioning of 
the Steam Pressure 
Controller. 

a. Changed pressure 
setpoint. 

b. Plugged steam 
pressure impulse 
line. 

c. Dirty escapement 
valve. 

d. Controller re- 
quires overhaul. 



Emergency 
Procedures 

7. Check operation 
of the Air Flow Con- 
troller. 

8. Check operation 
of low Signal Selec- 
tor, High Signal Se- 
lector and Inverting 
Relay. Recalibrate 
if necessary. 

9. Return control 
system to Automatic 
Operation. 

1. ' Place both boil- 
ers on Semi-Auto- 
matic Remote Man- 
ual Operation at the 
Boiler Master Op- 
erating Stations. 

2. Blow down steam 
impulse lines to 
Controllers. 

3. Check the opera- 
tion of the Steam 
Pressure Control- 
lers. 

4. Recalibrate or 
overhaul if neces- 
sary. 

5. Return control 
systems to Auto- 
matic Operation. 



D. Sluggish control 
of steam pressure. 



1. Wide deviations 
of superheater out- 
let pressure away 
from the setpoint 
before correction is 
applied. 

a. "Boiler Load" in- 
dicator showing 
deviations of 10 
psig or more 
away from the 
setpoint. 



1. Malfunctioning of 
a Steam Pressure 
Controller. 

a. Dirty escapement 
valve. 

b. Partially plugged 
steam pressure 
impulse line. 

c. Controller re- 
quires overhaul. 



1. Place both boilers 
on Semi-Automatic 
Remote Manual Op- 
eration at the Boiler 
Master Operating 
Stations. 

2. Blow down steam 
impulse pressure 
lines to Controllers. 

3. Check operation 
and adjustment of 
Steam Pressure Con- 
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Table 20-1.— Emergency Action Trouble Shooting— Continued. 



Emergency Condition Indications 



Possible Causes 



Emergency 
Procedures 



D. (cont'd.) 



E. "Hunting" or 
cycling of the 
steam pressure. 



L Inability of con- 
trol system to hold 
steady firing rate. 

a. Relay station in- 
dicator pointers 
continuously 
swing back and 
forth. 

b. "Blower Speed" 
Indicators con- 
tinuously swing 
back and forth. 



1. Plugged Steam 
Pressure Controller 
or Windbox Air Flow 
Transmitter impulse 
lines. 

2. Malfunctioning of 
fuel oil pumping 
equipment. 

3. Malfunctioning of 
Steam Pressure Con- 
troller. 



trollers. Overhaul 
or adjust controller 
if necessary. 
4. Return control 
systems to Auto- 
matic Operation. 

1. Place Combustion 
and Feedwater Con- 
trol Systems on 
Local Manual Opera- 
tion. 

2. Blow down im- 
pulse lines to Con- 
trollers and all 
Transmitters. 

3. Check operation 
of oil pumping equip- 
ment and correct if 
necessary. 

4. Check operation 
of Steam Pressure 
Controllers. Recal- 
ibrate or overhaul if 
necessary. 

5. Check operation 
of all Transmitters. 
Recalibrate or over- 
haul if necessary. 

6. Return systems 
to Remote Manual 
Operation. 

7. Return systems 
to Automatic Oper- 
ation. 



F. Excessive super- 
heater outlet steam 
temperature. 



1. Superheater out- 
let steam temper- 
ature rises above 
975°F. 

2. Combustion air 
supply to boiler 
furnace excessive 
in relation to fuel 
oil supply. 



1. Malfunctioning of 
fuel oil pumping 
equipment. 

2. Malfunctioning of 
the Fuel Oil Return 
Control Valve, 
Fuel-Air Ratio Sig- 
nal Generator or 
Windbox Air Flow 
Transmitter. 



1. Place faulty 
boiler on Local 
Manual Operation. 

2. Check operation 
of oil pumping 
equipment and cor- 
rect if not operating 
properly. 

3. Check operation 
of control system 
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Table 20-1.— Emergency Action Trouble Shooting— Continued. 



Emergency Condition Indications 



Possible Causes 



Emergency 
Procedures 



F. (cont'd) 



G. Sudden unbalance 
of steam load be- 
tween two boilers in 
a machinery room. 



H. Smoking 



1. One boiler pro- 
ducing most of the 
steam while the 
other boiler falls 
to a lower steam- 
ing rate. 

a. Indication of 
burner flame 
failure. 

b. "Boiler Load" 
Indicator abnor- 
mally high. 

c. Fuel oil control 
system auto- 
matically cuts 
back on the fuel 
flow even though 
air flow is at 
maximum. 



1. Automatic con- 
trol of fuel oil to 
burners not func- 
tioning. 

a. Fuel supply to 
boiler furnace 



1. Misalignment of 
fuel oil supply pip- 
ing for the lower 
load boiler. 

2. Failure of 
burner flames. 

3. Failure of forced 
draft blowers for 
the lower load boil- 
er. 

4. Malfunctioning of 
the Windbox Air 
Flow Transmitter. 

5. Malfunctioning of 
Fuel Oil Return 
Control Valve. 

6. Malfunctioning 
of the Air Flow 
Controller. 



1. Dirty or dam- 
aged sprayer plate 
or damaged diffuser. 

2. Malfunctioning 
of Fuel Oil Return 
Control Valves 



components and re- 
calibrate or over- 
haul if necessary. 

4. Return control 
system to Remote 
Manual Operation. 

5. Return control 
system to Automatic 
Operation. 

1. Place minimum 
load boiler on Local 
Manual Operation. 

2. Check fuel oil 
pumping equipment. 
Overhaul if neces- 
sary. 

3. Clean and check 
burner tips. 

4. Check operation 
of forced draft 
blowers. 

5. Check operation 
and adjustment of 
forced draft blowers. 
Air Flow Controller. 
Windbox Air Flow 
Transmitter and 
Fuel Oil Return 
Control Valve. Over- 
haul if necessary. 

6. Return control 
systems to Remote 
Manual Operation. 

7. Return control 
systems to Auto- 
matic Operation. 

1. Place smoking 
boiler on Local 
Manual Operation. 

2. Check operation 
of Oil Control 
Valve, Fuel- Air 
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Table 20-1.— Emergency Action Trouble Shooting— Continued. 



Emergency Condition Indications 



Possible Causes 



Emergency 
Procedures 



H • (cont'd.) 



L Sluggish control 
of water leveL 



exceeds com- 
bustion air sup- 
ply. 



1. Slow reaction of 
Feedwater Regu- 
lator System to 
changes in boiler 
load (steam flow). 

a. "Feedwater 
Valve Auto- 
matic* ? indicator 
goes to the ex- 
treme end of the 
scale before the 
feedwater flow 
is corrected. 

b. Drum Level Re- 
mote Indicators 
show wide vari- 
ations in the 
drum level. 

c. Feedwater Flow 
Control Valve 
moves slowly in 

reaching the con- 
trolling position. 



Fuel-Air Ratio Sig- 
nal Generator, or 
Windbox Air Flow 
Transmitter. 



1. Plugged Steam 
Flow or Feedwater 
Flow Transmitter 
impulse lines. 

2. Malfunctioning 
of the Steam Flow 
or Feedwater Flow 
Transmitters. 

3. Malfunctioning 
of the Feedwater 
Flow Control Valve. 

4. Dirt in the reset 
needle valve of the 
Feedwater Flow 
Controller. 



Ratio Signal Gen- 
erator and Windbox 
Air Flow Trans- 
mitter. Recalibrate 
or overhaul any 
component found to 
be out of adjust- 
ment. 

3. Return control 
systems to Remote 
Manual Operation. 

4. Return control 
systems to Auto- 
matic Operation. 

1. Place boiler 
Feedwater Regu- 
lator System on 
Local Manual op- 
eration. 

2. Blow down Steam 
Flow and Feedwater 
Flow Transmitter 
impulse lines. 

3. Check operation 
and adjustment of 
Flow Transmitters. 
Recalibrate or 
overhaul if needed. 

4. Check operation 
of Feedwater Flow 
Control Valve. Re- 
calibrate or over- 
haul if necessary. 

5. Remove, clean, 
and reposition the 

reset needle valve 
of the Feedwater 
Flow Controller. 

6. Return the Feed- 
water Regulator 
System to Remote 
Manual. 
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Table 20-1.— Emergency Action Trouble Shooting- Continued. 



Emergency Condition Indications 



Possible Causes 



Emergency 
Procedures 



L (cont'd.) 



J. Erratic varia- 
tions in drum level 
(both boilers). 



K. Erratic varia- 
tions in drum level 
(one boiler). 



1. Feedwater Reg- 
ulator System 
"hunting". 

2. Water carry- 
over in the steam 
leaving the drum. 

3. High drum level 
indications. 

4. Low drum level 
indications. 

1. Inability of Feed- 
water Regulator 
System to maintain 
a steady drum leveL 

a. " Feedwater 
Valve Automatic' 1 
indicator pointer 
swinging back 
and forth con- 
tinuously. 

b. Feedwater Flow 
Control Valve 
cycling in a slow 
rhythmic manner. 

c. Drum level Re- 
mote Indicator 
shows contin- 
uous level vari- 
ation. 



1. High solids con- 
tent in boiler water 
cause foaming and 
incorrect indica- 
tions of drum level. 



1. Partiallyplugged 
transmitter im- 
pulse lines. 

2. Partiallyplugged 
signal lines. 

3. Malfunctioning 
of Feedwater Regu- 
lator System com- 
ponents. 



7. Return the Feed- 
water Regulator 
System to Auto- 
matic Operation. 

1. Increase the 
numbers of times 
the boiler drums 
are blown down per 
watch. 

2. Increase the 
feeding of chemicals 
to the feedwater as 
determined by the 
water analysis. 

1. Place Combus- 
tion Control and 
Feedwater Regula- 
tor on Remote Man- 
ual Operation. 

2. Check Feedwater 
Regulator System 
operation. 

3. Blow down all 
transmitter impulse 
lines. 

4. Blow down all 
signal lines. 

5. Check operation 
and adjustment of 
Feedwater Regu- 
lator System com- 
ponents. Recal- 
ibrate and overhaul 
if necessary. 

6. Return Feed- 
water Regulator 
System to Automatic 
Operation and check 
its operation. 

7. Return Combus- 
tion Control System 
to Automatic Oper- 
ation and check 
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Table 20-1. —Emergency Action Trouble Shooting— Continued. 



Emergency Condition Indications 



Possible Causes 



Emergency 
Procedures 



K. (cont'd.) 



L. High Water Level 
with no correction. 



1. Feedwater Reg- 
ulator System op- 
erating at maximum 
rate. 

a. "Feedwater 
Valve Automatic" 
indicator shows 
100% indication. 

b. Feedwater Flow 
Control Valve 
remains wide 
open. 



1. Feedwater Reg- 
ulator System op- 
erating at high rate 
(not necessarily 
maximum), 
a. "Feedwater Valve 
Automatic" in- 
dicator shows 
high indication. 



1. Ruptured dia- 
phragm in the Feed- 
water Control Valve 
operator. 

2. Damaged or 
plugged control 
air supply sys- 
tem. 



1. Malfunctioning 
of the Drum Level 
Transmitter. 

a. Changed cali- 
bration. 

b. Plugged im- 
pulse lines. 

c. Dirty escape- 
ment valve. 

d. Transmitter re- 
quires overhaul. 



Feedwater Regu- 
lator System. 
8. If the Feedwater 
Regulator system 
operates satisfac- 
torily in step 6 but 
not in step 7, the 
Combustion Control 
System must be 
adjusted. 

1. Place F'eedwater 
Regulator System 
on Local Manual 
operation. 

2. Replace Feed- 
water Control Valve 
diaphragm. 

3. Find and correct 
cause of control air 
failure. 

4. Return system to 
Remote Manual 
Operation. Return 
system to Automata 
Operation. 

1. Place Feedwater 
Regulator System 
on Remote Manual 
Operation. 

2. Blow down im- 
pulse line to Trans- 
mitter. 

3. Check operation 
and adjustment of 
Level Transmitter. 
Recalibrate or over- 
haul transmitter if 
necessary. 

4. Return system 
to Automatic Oper- 
ation, 
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Table 20-1.— Emergency Action Trouble Shooting— Continued. 



Emergency 

Emergency Condition Indications Possible Causes Procedures 



M. Low water level 
with no correction. 



1. Water gages show 
low water contin- 
uously. 



1. Malfunctioning 
of Level, Steam 
Flow, and Feedwater 
Flow Transmitters. 

a. Changed calibra- 
tion. 

b. Plugged impulse 
lines. 

c. Dirty escapement 
valves. 

d. Transmitters re- 
quire overhaul. 

2. Malfunctioning 
of Feedwater Flow 
Control Valve. 



1. Place Feedwater 
Regulator System 
on Local-Manual 
Operation. 

2. Blow down im- 
pulse line to Trans- 
mitters. 

3. Check operation 
and adjustment of 
Level Transmitter. 
Recalibrate or over- 
haul transmitter if 
necessary. 

4. Check operation 
of Feedwater Flow 
Control Valve. 

5. Return systems 
to Automatic Oper- 
ation. 
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tenance Subsystem of the 3-M System. Mainte- 
nance actions and tests to be conducted on an 
Automatic Control System are shown in figure 
20-27. Particular emphasis should also be 
placed on the use of maintenance, repair, and 
calibration procedures found in the applicable 
manufacturer's technical manual. If each com- 
ponent is kept in a properly maintained and ad- 
justed condition, the need for a general over- 
haul or major recalibration of the control system 
will be minimized. 

NOTE: When checking the adjustments and 
calibration of any component of the control sys- 
tem, the settings should not be changed except 
under the supervision of "QUALIFIED" main- 
tenance personnel. It is also extremely impor- 
tant, when making adjustments to the control 
system, that the person doing the work know the 
effect adjustments have on the operation of the 
entire control system. In other words only 
"QUALIFIED" personnel should be allowed to 
perform maintenance, repair, and calibration 
of any automatic control system components. 



AUTOMATIC FEED PUMP CONTROLS 

The Feed Pump Automatic Differential 
Pressure Control System is designed to main- 
tain sufficient feedwater flow to the boilers, 
by maintaining a 70 psig pressure differential 
across the feedwater flow control valve for each 
boiler. To maintain this pressure differential, 
a differential pressure transmitter is connected 
across each of the feedwater flow control valve 
for each boiler. With both boilers in service, 
the Differential Pressure Transmitters auto- 
matically selects the boiler which needs feed- 
water the most (or has the lowest pressure 
differential across the feedwater flow control 
valve) and uses that boiler for the controlling 
boiler. If only one boiler is in use, that boiler 
is the controlling medium. A typical Differ- 
ential Pressure Control System is shown in 
figure 20-28. It should be noted that all Differ- 
ential Pressure Control Systems are not alike 
even if they are manufactured by the same 
manufacturer. For this reason the only true 
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Figure 20- 28. -Automatic Feed Pump Differential Pressure Control System. 
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source of information on any particular Differ- 
ential Pressure Control System for any par- 
ticular ship is the manufacturer's technical 
manual. 

COMPONENTS OF A TYPICAL SYSTEM 

To be able to understand the operation of 
the Differential Pressure Control System, .you 
will need to understand the operation of each 
component in the system and how they are in- 
terconnected to form a complete system. 

Differential Pressure Transmitter 

The Pressure Differential Transmitter, 
as shown in figure 20-29, is a Hagan Pneumatic 
Relay Unit designed to receive two differential 
pressure inputs and convert the differential 
measured into a proportional pneumatic output 
signal. The high pressure impulse line is con- 
nected to chamber No. 2 and the low pressure 
line is connected to chamber No. 3. Chamber 

LOW PRESSURE SIDE 



CHAMBER 
NO. 3 



CHAMBER 

NO. 2 




No. 1 receives a supply air pressure and gen- 
erates an output signal that is proportional to 
the differential measured across the feedwater 
flow control valve by the use of a poppet valve. 

Signal Selector Relay 

The Signal Selector Relay is discussed 
previously in this chapter under automatic 
combustion controls and shown in figure 20-8. 
The purpose of the relay in this system is to 
select the lowest measured differential signal 
from across the feedwater flow control valves 
and transmit this signal directly to the Feed- 
water Header Pressure Set Point Controller. 

Feedwater Header Set Point Controller 

The Set Point Controller is Ratio Totalizer 
with a spring attached to chamber No. 2. This 
type of controller is discussed previously in 
this chapter. Figure 20-30 shows this applica- 
tion of the Ratio Totalizer. In this application, 




HIGH FULCRUM SUPPLY 

PRESSURE AIR 

SIDE CONNECTION 

104.51 

Figure 20- 29. -Pressure Differential Transmitter. 
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Figure 20-30.-Feedwater Header Set Point Controller. 
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the output signal from the Signal Selector Relay 
is transmitted to chamber No. 2 where it will 
balance the spring force also applied to chamber 
No. 2 when the controller is in balance. The 
output signal is generated at chamber No. 1 
and is fed back to chamber No. 4 through a 
needle valve and volume tank. As long as the 
signal received from the Signal Selector Relay 
is at the set point, the Set Point Controller will 
be constant at some value between minimum and 
maximum. Any variation of the signal received 
from the Signal Selector Relay from the set 
point will cause the signal generated by the Set 
Point Controller to change, and continue to 
change in the right direction until balance of 



forces in the Set Point Controller are again 
equal. The output signal from the Set Point 
Controller is transmitted to the Feedwater 
Header Pressure Controller. 

Feedwater Header Pressure Controller 

The Feedwater Header Pressure Controller 
is a master sender as previously discussed in 
this chapter with one exception. This unit has a 
set point unit installed on the beam as shown in 
figure 20-31. The Feedwater Header Pressure 
ControUer generates a signal which remains 
constant at some existing value as long as the 
feedwater header pressure is at the required 
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set point. The amount of tension on the set 
point spring minus the force exerted by the 
signal from the set point controller in the set 
point unit, determines the header pressure 
setting at which the unit is balanced. The reset 
unit resets the controller under all load condi- 
tions. The action of the reset unit is to reduce, 
at a delayed rate, the proportional band intro- 
duced by the proportional band unit and to reset 
the controller to maintain the desired standard 
pressure. 

The signal generated by the Feedwater 
Header Pressure Controller is transmitted 
through the Feed Pump Manual/ Automatic Selec- 
tor Station. 

Feed Pump Manual/Automatic Selector Station 

The Manual/Automatic Selector Station is 
discussed previously in this chapter and shown 
in figure 20-9. The operation of this station is 
identical to the one previously discussed in this 
chapter. The signal from this station goes to the 
Pneumatic Hydraulic Pressure Controller which 
controls the speed of the feed pumps. 

Pneumatic Hydraulic Pressure Controller 

The Pneumatic Hydraulic Pressure Con- 
troller, figure 20-32, is used to regulate the 
speed of a steam turbine driven feed pump by 
controlling the turbine governor oil pressure. 
An increase in pressure applied to the diaphragm 
of the controller will reduce the spring force 
allowing more oil to pass through the oil cup 
valve slowing the pump speed down to maintain 
the proper header pressure. A decrease in 
pressure applied to the diaphragm increases 
the spring tension holding the oil cup valve 
closed until the pump speed has increased 
enough to maintain proper feed water header 
pressure. 

FEED PUMP CONTROL SYSTEM OPERATION 

The Differential Pressure Transmitters 
generate a pneumatic signal, having a range of 
0-60 psig, which is proportional to the differ- 



ential measured across the feedwater flow con- 
trol valves. As the differential increases from 
0 to 140 psig, the pneumatic output signal gen- 
erated by the transmitter increases in propor- 
tion. Thus, at 70 psig differential (Control Set 
Point), the pneumatic signal generated by the 
transmitters will be at the normal 30 psig 
value. With an increase in the differential 
across one of the feedwater flow control valves, 
the transmitter generates and sends out an in- 
creased signal to the Signal Selector Relay. The 
signal selector selects this increased signal and 
sends it out to the Set Point Controller. The Set 
Point Controller sends out an increased signal 
to the set point unit on the Feedwater Header 
Pressure Controller which changes the set 
point causing the output signal from the con- 
troller to decrease. This decreasing signal is 
fed through the Manual/Automatic Selector 
Station to the Pneumatic Hydraulic Pressure 
Controller. The decreasing pressure acting on 
the diaphragm of the pressure controller causes 
the flow of oil through the cup valve to decrease, 
causing the oil pressure to increase, opening 
the steam admission valve to the steam turbine, 
speeding the pump up to bring the header pres- 
sure back to normal. When the header pressure 
returns to normal, the Feedwater Header Pres- 
sure Controller will then slow the pump down 
gradually as the differential across the feed- 
water valve returns to the set point, 70 psig. 
When the differential reaches 70 psig, the 
pump speed will then be stationary at a new 
value to maintain the normal differential and 
header pressure. With a decrease in differential 
across the Feedwater Flow Control Valve, the 
system will just reverse its self from the ac- 
tions discussed above. 

FEED PUMP CONTROL SYSTEM MAINTE- 
NANCE, REPAIR, AND CALIBRATION 

Maintenance, repair, and calibration of the 
feed pump control system should be conducted 
in accordance with the Planned Maintenance 
Subsystem and the procedures in the applicable 
manufacturer's technical manual. 
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Figure 20- 32. -Pneumatic Hydraulic Pressure Controller. 
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Acetylene, 204 

Acid tests, 107 

Adjusting flame, welding, 209 

Administration, repair department, 9 

Air casings and smokepipes, 279 

Air coolers, 151 

Air ejector condenser assembly, 150 
Air lock system, 405 

Air registers and atomizers inspection, 339 

Air required for combustion, 358 

Air setting mortar, 76 

Air supply system, 405 

Alteration equivalent to a repair, 12 

Alterations, 11 

Aluminum and aluminum alloys, 104 

Ammonia test, 111 

Anchor bolt firebrick, 80 

Anchor devices, 76 

Annealing, 112 

Arc 

air gouging, 262 

blow, 192 

cutting, 261 

oxygen cutting, 262 

welding techniques, 188 
Arrival conference, 13 
Assigned cards, 57 
Assigned manhours, 54 
Assigning work, 21 
Assistant repair officer, 10 
Automatic boiler control systems, 378 
Automatic combustion control systems, 379 
Automatic feedpump controls, 418 
Automatic feedwater regulator systems, 395 
Auxiliary condensers, 143 
Availabilities, 12 
Backhand welding, 212 



Backout tools, 19 
Baffle tile, 76 
Baffles, 91 
Bearing metals, 104 
Belling tubes, 125 
Bending stresses, 95 
Bending tubes, 121 
Beveling, 252 
Blowdown, use of, 362 
Boiler 

air casings, tests and inspections, 337 
boiling out, 271 
capacity, 352 

control systems, automatic, 378 
air lock system, 405 
air supply system, 405 
automatic combustion control systems, 
379 

automatic feed pump controls, 418 
automatic feedwater regulator systems, 
395 

feed pump control system operation, 424 
maintenance, 410 
operation, 408 
troubleshooting, 409 

external fittings inspection, 338 

firesides, care of, 263 

fittings and instruments, 292 
desuperheaters, 317 
oil drip detector periscope, 308 
remote water level indicators, 312 

safety valves, 292 

soot blowers, 303 

superheater steam flow indicators, 309 

laying up idle, 273 

lighting off, 346 

operating characteristics, 341 
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pressure gage inspection, 338 
refractories, 70 
failures, 70 

maintenance and repairs, 90 

materials, 75 
Room Operating Record, 366 
securing, 351 
tests and inspections. 318 

boiler air casings, 337 

boiler external fittings, 338 

firesides, 318 

five-year inspection and test, 337 

hydrostatic tests, 335 

sliding feet, 337 

watersides inspection, 331 
thermometers, inspection, 339 
Tube Casualty Report, 371 
tube data, 117 
Tube Renewal Sheets, 371 
tube work, 117 

characteristics of tubes, 117 

closing up the boiler, 129 

hydrostatic tests, 129 

plugging boiler tubes, 126 

recording boiler tube work, 129 

repairing downcomers, 127 

tube renewal, 118 
valves, inspection, 339 
water treatment, 359 

logs, 362 

theory, 361 

water problems, 359 
Water Treatment Logs, 366 
watersides, care of, 265 
Boiling out boilers, 271 
Borrowed card, 57 
Boundary layers, 132 
Brass, 103 

Brittleness of metals, 98 
Bronze, 103 
Burner fronts 

construction of, 84 

maintenance, 91 
Burner tile, 76 

installation, 88 
Butt joint designs, 222 



Calibration, boiler control system, 410 
Calibration, feed pump control system, 424 
Carryover, 360 
Casehardening, 115 



Cavities and scars, 322 

Chemical treatment, boiler water, 361 

Chip test, 107 

Chrome castable refractory, 76 
Circumferential groove, 322 
Classification of heat exchangers, 133 
Cleaning tubes, 120 
Closing up the boiler, 129 
Collet, 194 

Color marking system, 104 
Combustion 

chemistry of, 357 

control system, 409 

heat of, 357 

performance, 393 
Composite card (hours), 60 
Composite card (personnel), 60 
Composition of boiler tubes, 117 
Compression stresses, 94 
Concurrent availability, 13 
Condensers, auxiliary, 143 
Condensers, main, 136 

Constant -potential multiple -operator unit, 180 
Construction of burner fronts, 84 
Construction of front walls, 82 
Construction of furnace decks, 83 
Continuous identification marking, 104 
Controlled equipage, 64 
Copings, 91 
Copper, 102 

Copper-nickel alloys, 103 

Corner joint designs, 224 

Correction card, 57 

Corrosion deposits, 330, 360 

Corrosion fatigue fissures, 334 

Corrosion resistance, 99 

Cost estimates, 25 

Counter flow, 134 

Craters, 323 

Creep cracks, 326 

Creep resistance, 98 

Cross flow, 134 

Cupric chloride test, 111 

Cutting 

arc, 261 

arc -oxygen, 262 

beveling, 252 

oxy acetylene cutting, 248 

oxygen lance, 260 

piercing holes, 254 

rivets, 255 

wire rope, 256 
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Cycle schedule, 30 



Daily Exception Card, 53, 55 

Daily Exception Listing, 61 

Dash assistant, 10 

Deferred Maintenance Actions, 38 

Departure records, 14 

Dessicant method, 273 

Destructive tests, welds, 235 

Desuperheaters, 317 

Die marks, 334 

Dipping a brick, 80 

Diving and salvage officer, 10 

Double heat exchangers, 136 

Downcomers, repairing, 127 

Drums and headers, 330 

inspection, 335 
Dry method, laying up boilers, 273 
Ductility, 98 



Edge joint designs, 227 
EIC Manual, 36 
Eight o'clock reports, 16 
Elasticity, 96 
Electrical assistant, 10 

Electrodes, manual shielded, metal arc welding, 
186 

Electronically controlled tube expander set, 16 

Electronics assistant, 10 

Emergency tender availability, 13 

Engineering Log, 363 

Engineer's Bell Book, 363 

Equipment identification codes, 36 

Equipment Log, 16 

Estimating costs and materials, 25 

Estimating time for a job, 22 

ETA codes, 52 

Exception Time Accounting, 29 

Exchangeable pool item, 64 

Expanding tubes, 124 

Expansion joints, care of, 91 

Extended surface units, 135 

Exterior inspection of drums and headers, 330 



Feed pump control system operation, 424 

maintenance, 424 
Feed water heaters, 150 
Feed water regulator system, 410 



Feedback Report, 33 
Ferrous metals, 99 

welding, 216 
File hardness test, 112 
Filler materials, 166 
Fillets, 91 
Firebrick, 75, 80 
Fireroom 

efficiency, 352 
maintenance and repair, 263 

air casings and smokepipes, 279 
care of boiler firesides, 263 
care of boiler watersides, 265 
manhole and handhole fittings and open- 
ings, 275 
of fuel oil equipment, 285 
routine fireroom upkeep, 290 
steam drum protection plates, 277 
superheater support-and-seal plates, 
277 

operation, 341 

boiler operating characteristics, 338 

chemistry of combustion, 357 

fireroom efficiency, 352 

lighting off boilers, 346 

securing boilers, 351 

underway operations, 348 
Fireside cavities and scars, 322 
Firesides, tube deposits, 327 
Fitting tubes, 123 
Five-year inspection and test, 337 
Flame, extinguishing, welding, 209 
Fluid film, 131 
Fluid flow, direction of, 134 
Fluxes, 167 

Folded or upset tubes, 327 

Free bend test, 235 

Front wall construction, 82 

Fuel oil burners, 285 

Fuel oil equipment, maintenance, 285 

Fuel oil heaters, 144, 287 

Functions of heat exchangers, 133 

Furnace decks, construction, 83 

repairing, 91 
Furnace walls, repairing, 90 
Fusion processes, 154 



General fireside thinning, 323 
General waterside thinning, 334 
Gland exhaust condenser, 150 
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Group maintenance manual, 30 
Guided bend test, 236 



Handhole seat refacing tool, 17 
Handscribed Exception Card for Regularly As- 
signed Personnel, 59 
Hardening of metals, 113 
Hardness of metals, 97 
Heat blisters, 326 
Heat exchangers, 131 

auxilary condensers, 143 

classification of, 133 

factors affecting heat transfer, 131 

fuel oil heaters, 144 

functions of, 133 

lubricating oil coolers, 147 

main condensers, 136 

miscellaneous heat exchangers, 149 
Heat flow, path of, 134 
Heat losses, 358 

Heat transfer, factors affecting, 131 
Heat treatment of metals, 112 
Helical-tube heat exchangers, 136 
High-temperature 

castable hydraulic- setting refractory, 76 

castable installation, 87 

cement, 76 

oxide, 330, 360 
Hose, welding, 207 
Hull assistant, 10 
Hydrostatic tests, 129, 236, 335 



Idle boilers, laying up, 273 
Inconel, 104 
Ingot iron, 99 
Insulating block, 75 
Insulating brick, 75, 79 
Internal material issue, 66 
Iron nail test, 111 



Jerguson remote water level indicator, 315 
Job orders, 13, 21 
Joint efficiency, 156, 220 
Joints 

parts of, 160 

standard designs, 221 

types of, 156 



K-monel, 103 



Labor Utilization Reports, 52, 60 
Lap joint designs, 228 
Lead, 103 

Lighting off boilers, 346 

Liquid penetrant inspection, 240 

List of Training Manuals and Correspondence 

Courses, 6 
Loaned Labor --Labor Code Change, 56 
Loaned Labor — No Labor Code Change, 56 
Localized pitting, 334 
Lubricating oil coolers, 147 

Machinability of metals, 98 
Machinery assistant, 10 
Magnetic particle inspection, 237 
Main condensers, 136 

Maintenance and material management, 28 

manhour accounting system, 51 

material control, 63 

scheduling, 29 
Maintenance and Material Management (3-M) 
Manual, 29 

Maintenance and repair, boiler control system, 
410 

Maintenance Control Board, 30 
Maintenance Control Report, 46 
Maintenance Data Collection Subsystem, 28, 33 
Maintenance Deferred Action Sheet, 13 
Maintenance, feed pump control system, 424 
Maintenance Index Page, 29, 319, 419 
Maintenance Requirement Card, 32 
Malleability, 98 

Manhole and handhole fittings and openings, 275 
Manhour accounting system, 29, 51 
Manual of Qualifications for Advancement in 
Rating, 4 

Manual shielded metal arc welding, 176 
Master Roster Listing, 54 
Material control, 63 
Material Expended Record, 15 
Material usage and cost data, 46 
Material used in direct support of maintenance, 
64 

Materials, estimating, 25 
MDCS documentation, 38 
MDCS terminology, 33 
Mechanical fatigue cracks, 327 
Melting, 327 
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Metal arc welding, 176 
Metal marking systems, 104 
Metals and alloys, 93 

heat treatment, 112 

identification, 104 

properties of, 95 

stress and strain, 93 

tests, 107 

types of, 99 
Monel, 103 

Monthly Actual Labor Utilization Report, 61 
Monthly Summary, 366 
Multilayer welding, 213 
Multipass units, 135 



Naval Ship Systems Command Technical News, 

8, 29 
NAVALTS, 11 
NavShips publications, 7 
NavShips Technical Manual, 140, 171 
Navy Maintenance and Material Management 

(3-M) System, 28 
Neutral axis, 95 
Nickel-copper alloys, 103 
Nitric acid test, 108 

Nondestructive tests and inspections of welds, 
236 

Nonferrous metals, 102 

welding, 218 
Normalizing, 112 
NRT ship availability, 13 
NRTS-9, 64 



Oil drip detector periscope, 308 
Oil, in boiler water, 359 
ORDALT, 12 

Organization, repair department, 9 

shop management, 14 

ship repairs, 11 
Overhaul, regular, 12 

Overtime Work--in Assigned Work Center, 55 

Overtime Work- -Outside Assigned Work Cen- 
ter- -Labor Code Change, 56 

Overtime Work— Outside of Assigned Work Cen- 
ter- -Same Labor Code, 56 

Overtime Work- -Plus Labor Code Change, 55 

Oxyacetylene cutting, 248 

Oxyacetylene torch test, 107 

Oxyacetylene welding, 304 



Oxidizing flame, 209 
Oxygen lance cutting, 260 



Parallel flow, 134 
Perforation, 326 
Piercing holes, 254 
Pipe joint designs, 228 
Piping tests and inspections, 339 
Plain surface units, 135 
Planned Maintenance Subsystem, 28 
Planned Maintenance Subsystems Manual, 29 
Planning the work, 20 
Plastic chrome ore, 76 
Plastic fireclay, 76 
installation, 84 
Plasticity of metals, 97 
Plate-tube heat exchangers, 136 
Plugging boiler tubes, 126 
Portable power tools, 17 
Pre -expended material, 64, 65 
Preheating, 168 

Pressure vessel joint designs, 230 
Post heating, 168 
Priming, 360 
Priority of jobs, 22 
Production Report 1 (PR-1), 49 
Production Report 2 (PR-2), 50 
Properties of metals, 95 

Protection seal and support plates inspection, 
330 

Puddle welding, 212 



Qua Is Manuals, 4 
Quarterly Schedule, 3-M, 30 



Radiation surface, 133 

Radiographic inspection, 241 

Record of Practical Factors, 5 

Records and reports, 15 

Boiler Room Operating Record, 366 
Boiler Tube Casualty Report, 371 
Boiler Tube Renewal Sheets, 371 
Boiler Water Treatment Logs, 366 
Engineer's Bell Book, 363 
Engineering Log, 363 
Monthly Summary, 366 

Rectifier type welding machine, 183 

Refractory failures, 70 

Refractory maintenance and repairs, 90 
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Refractory materials, 75 
Regular overhaul, 12 
Regular tender availability, 13 
Regulator or reducing valve, 204 
Remote water level indicators, 312 
Removing tubes, 118 
Reparable, 64 
Repair activity action, 38 
Repair activity reports, 46 
Repair department duty officer, 10 
Repair department organization, 9 
Repair officer, 9 
Repairing furnace walls, 90 
Repairs and alterations, 11 
Repairs, ship, 11 
Repairs, voyage, 12 
Replenishment Card, 59 
Requesting activity action, 38 
Restricted availability, 12 
Return-bend heat exchangers, 136 
Revision card, 57 
Ripple welding, 212 
Rivets, cutting, 255 
Rotation in use of boilers, 349 
Routine fireroom upkeep, 290 



Safety precautions 
boilers, 350 
cutting, 260 

oxyacetylene welding, 211 

welding, 171 
Safety valves, 292 

maintenance and repair, 295 

troubles, 302 
Sagging, 327 
Scale, 360 

Scavenging air system, 308 

Scheduling work, 22 

Securing boilers, 351 

Shearing stresses, 94 

Shielded inert-gas metal arc welding, 192 

Ship repairs, 11 

SHIPALT, 11 

Shipboard Maintenance Action, 38 
Shop management, 14 
Shrinkage of fire brick, 73 
Single pass units, 135 
Slag, 329 

Slag inclusion, 166 
Slagging, 70 

Sliding feet, inspection of, 337 



Sludge, 359 

Small handtools, 19 

Smokepipes, 285 

inspection of, 330 
Soot, 329 

blowers, 303 
Spalling, 70 

Spiral tube heat exchangers, 136 
Spot welds, 158 
Stationary power tools, 18 
Steady streaming, 348 
Steam 

catapult operation, effect of, 350 
drum protection plates, 277 
drum safety valves, 292 
gouging, 325 

header pressure controller, 379 
heating coils, 150 

low flow and water level indicators, inspec- 
tion, 338 
Steel classifying, 100 
Stellite, 104 

Straight-tube heat exchangers, 135 
Strength of metals, 96 
Stress and strain, 93 
Stress relief, 114, 155 
Stretched or necked tubes, 327 
Strut tube heat exchangers, 136 
Stud welding, 200 
Submerged arc welding, 201 
Superheater 

safety valves, 293 

steam flow indicators, 309 

support -and-seal plates, 277 
Supervising shop work, 25 
Supply availability, 12 
Supply Support Center, 65 
Support availability, 13 
Swagging, 327 

Technical availability, 12 
Temperature control, welding, 167 
Tempering, 113 
Tensile test, 235 
Tension stresses, 94 
Terminology, MDCS, 33 
Tests and inspections 

of welds, 235 

of boilers, 318 
Thermal conductivity, 98, 132 
Thermal cracks, 325 

Thermal insulating refractory castable mix, 76 
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Thick-lipped rupture, 325 

Thin-lipped rupture, 325 

3-M Manual, 63 

3-M system, 28 

Tin, 103 

Tool Marks, 325 

Tools and equipment, 16 

Torsional stresses, 95 

Toughness of metals, 97 

Training films, 8 

Training Publications for Advancement, 6 
Training shop personnel, 26 
Transferred Card, 57 
Transformer welder, 183 

Troubleshooting, boiler control system, 409 
Tube 

bending machines, 16 

corrugation, 335 

deformities and fractures, 325 

ends, 123 

enlargement, 326 

expanders, 18 

inspection, 321 

renewal, 118 

sheets, preparing, 122 

wall lamination, 327 



U-bend heat exchangers, 136 
Ultrasonic testing, 244 
Upkeep period, 13 
Uptakes and smokepipes, 285 
Uptakes, inspection of, 330 



Variable- voltage, direct- current generator,weld- 

ing unit, 177 
Velocity of flow, 133 
Visual examination of welds, 236 
Voyage repairs, 12 



Warping, 327 

Water level indicators, remote, 312 
Waterside, 265 

abrasion, 334 

burning, 334 

cavities, 334 

corrosion, 360 

deposits, 335, 359 

grooves, 334 

inspection of, 331 



Weapons assistant, 10 
Weekly schedule, 3-M, 32 
Weld defects, 165 
Weld symbols, 168 
Weldability of metals, 98, 154 
Welded joint design, 220 
joint efficiency, 220 
standard designs, 221 
Welded tubes, renewing, 125 
Welder's qualification tests, 170 
Welding 

and cutting equipment, 20 
breaking the arc, 188 
cables, 183 
introduction to, 152 

requirements for welding pressure 

parts and high pressure piping, 110 
safety precautions, 171 
temperature control, 167 
weld symbols and welding symbols, 168 
welder's qualification tests, 170 
welding processes, 152 
welding publications, 169 
location of, 171 
metal arc, 176 

manual shielded metal arc welding, 176 
other electric welding processes, 199 
shielded inert -gas metal arc welding, 
192 

other electric processes, 199 
oxyacetylene, 204 
equipment, 204 

guide for welding ferrous metals, 216 
guide for welding nonferrous metals, 
218 

techniques, 212 
positions, 161 
processes, 152 
publications, 169 
reestablishing the arc, 188 
rods, 207 

striking the arc, 187 

submerged arc, 201 

stud, 200 

symbols, 168 

techniques, arc, 188 

torches, 205 
Welds, parts of, 158 
Welds, spot, 158 
Welds, tests and inspections 

destructive tests, 235 

nondestructive tests, 236 
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Welds, types of, 157 Yaraway remote water level indicators, 312 

Wet method, laying up boilers, 273 
Work and progress reports, 14 
Work Progress Log, 15 
Work requests, 13, 38 

Wrought iron, 99 Zinc, 103 
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